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PREFACE. 


liANXhSuRTsmiG  Ib  perhaps  the  oldest  of  the  mathematical  arts.  Indeed, 
Geometry  itself,  as  its  name — "Land-measuring" — ^implies,  is  said  to 
have  arisen  from  the  eflR>rts  of  the  Egyptian  sages  to  recover  and  to  fix 
the  land-marks  annually  swept  away  by  the  inundations  of  the  Nile. 
The  art  is  aim  one  of  the  most  important  at  the  present  day,  as  deter- 
mining the  title  to  land,  the  foundation  of  the  whole  wealth  of  the 
world.  It  is  besides  one  of  the  most  useful  as  a  study,  from  its 
stiiking  exemplifications  of  the  practical  bearings  of  abstract  mathematics. 
But,  strangely  enough,  Surveying  has  never  yet  been  reduced  to  a  system* 
adc  and  symmetric  whole.  To  effect  this,  by  basing  the  art  on  a  few 
riimple  principleei  and  tracing  them  out  into  their  complicated  ramifications 
and  varied  applicatioas  (^ which  extend  from  the  measurement  of  "  a  mow- 
ing lot "  to  that  of  the  Heavens),  has  been  the  earnest  endeavor  of  the- 
present  writer. 

The  work,  in  its  inception,  grew  out  of  the  author's  own  needs.  Teach- 
mg  Surveying,  as  preliminary  to  a  course  of  Civil  Engineering,  he 
found  none  of  the  books  in  use  (though  very  excellent  in  many  respects) 
raited  to  his  purpose.  He  was  therefore  compelled  to  teach  the  subject 
by  a  combination  of  familiar  lectures  on  its  principles  and  exemplifioa- 
tioDS  of  its  practice.  His  notes  continually  swelling  in  bulk,  gradually 
beeazae  systematized  in  nearly  their  present  form,  and  in  1851  he  printed 
a  synopms  of  them  for  the  use  of  his  classes.  His  system  has  thus 
been  fully  tested,  and  the  present  volume  is  the  result. 


rv  LAND-SIIRTETIIIG. 

A  double  object  has  been  kept  in  view  in  its  preparation;  viz.  to 
prodooe  a  very  plain  introduction  to  the  subject,  easy  to  be  mastered  by 
the  young  scholar  or  the  practical  man  of  little  previous  acquirement, 
the  only  pre-requisites  being  arithmetic  and  a  little  geometry;  and  at  the 
same  time  to  make  the  instruction  of  such  a  character  as  to  lay  a  founda 
den  broad  enough  and  deep  enough  for  the  most  complete  superstructure 
which  the  professional  student  may  subsequently  wish  to  raise  upon  it 

For  the  convenience  of  toose  wishing  to  make  a  hasty  examination  of 
the  book,  a  summary  of  some  of  its  leading  points  and  most  peculiaj' 
features  will  here  be  given. 

I.  All  the  operations  of  Surveying  are  deduced  from  only  Jive  simple 
principles.  These  principles  are  enunciated  and  illustrated  in  Chapter  1, 
of  Part  I.  They  will  be  at  once  recognized  by  the  Geometer  as  familiar 
systems  of  "  Co-ordinates;"  but  they  were  not  here  arbitrarily  assumed  in 
advance.  They  were  arrived  at  most  practically  by  analyzing  all  the 
numerous  and  incongruous  methods  and  contrivances  employed  in  Sur- 
veying, and  rejecting,  one  after  another,  all  extraneous  and  non-essential 
portions,  thus  reducing  down  the  operations,  one  by  one  and  step  by 
step,  to  more  and  more  general  and  comprehensive  laws,  till  at  last, 
by  continual  elimination,  they  were  unexpectedly  resolved  into  these 
few  and  simple  principles;  upon  which  it  is  here  attempted  to  build  up 
a  symmetrical  system. 

n.  The  three  operations  common  to  all  kinds  of  Land-surveying,  viz. 
Making  the  Measurements,  Drawing  the  Maps,  and  Calculating  the 
Contents,  are  fully  examined  in  advance,  in  Part  I,  Chapters  2,  8,4; 
■0  that  when  the  various  methods  of  Surveying  are  subsequently  taken 
up,  only  the  few  new  points  which  are  peculiar  to  each,  require  to  be 
explained. 

Each  kind  of  Surveying,  founded  on  one  of  the  five  fundamental  prin- 
ciples, is  then  explained  in  its  turn,  in  the  successive  Parts,  and  each 
earefully  kept  distinct  from  the  rest 
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m.  A  complete  system  of  Sorveying  with  only  a  chain,  a  rope,  oi 
my  suhstitate,  (invaluable  to  farmers  having  no  other  instruments,)  is 
very  fully  developed  in  Part  II 

lY.  The  various  Problems  in  Chapter  5,  of  Part  II,  will  be  foono 
to  constitute  a  course  of  practical  G^metry  on  .the  ground.  As  some 
of  their  demonstrations  involve  the  "Theory  of  Transversals,  etc,"  (a 
beautiful  supplement  to  the  ordinary  (^eometiy),  a  carefully  digested 
summary  of  its  principal  Theorems  is  here  given,  for  the  first  time  in 
English.     It  will  be  found  in  Appendix  B. 

v.  In  Compass  Surveying,  Part  III,  the  Field  work,  in  Chapter  8, 
b  adapted  to  our  American  practice ;  some  new  modes  of  platting  bear* 
ings  are  given  in  Chapter  4,  and  in  Chapter  6,  the  rectangular  method 
of  calculating  contents  is  much  simplified. 

VI.  The  effects  of  the  continual  change  in  the  Variation  of  the  mag 
netio  needle  upon  the  surveys  of  old  lines,  the  difficulties  caused  by  it. 
and  the  means  of  remedying  them,  are  treated  of  with  great  minuteness 
of  practical  detail.  A  new  table  has  been  calculated  for  the  time  of 
"  greatest  Azimuth,"  those  in  common  use  being  the  same  as  the  one 
prepared  by  Ghimmere  in  1814,  and  consequentiy  greatly  in  error  now 
from  the  change  of  place  of  the  North  Star  since  that  date. 

YII.  In  Part  lY,  in  Chapter  1,  the  Transit  and  Theodolite  are 
ezphuned  in  every  point|;  in  Chapter  2,  all  forms  of  Yemiers  are  shewn 
by  numerous  engravings;  and  in  Chapter  3,  the  Adjustments  are 
elucidated  by  some  novel  modes  of  illustration. 

Yin.  In  Part  YII,  will  be  found  all  the  best  methods  of  overcoming 
ebstacles  to  nght  and  to  measurement  in  angular  Surveying. 

IX.  Part  XI  contains  a  very  complete  and  systematic  collection  of 
the  principal  problems  in  the  Division  of  Land. 

X.  The  Methods  of  Surveying  the  Public  Lands  of  the  United  States, 
of  marking  lines  and  comers,  &;c.,  are  given  in  Part  XU,  from  official 
documents,  with  great  minuteness ;  since  the  subject  interests  so  man) 
land-owners  residing  in  the  Eastern  as  well  as  in  Ihe  Western  States* 
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XI.  Thi*  tlables  comprise  a  IVaverse  TaUe^  computed  for  tbis  volume, 
nd  giving  increased  accuracy  in  one-fifteenth  of  the  usual  space;  a 
TaUe  of  Chords^  appearing  for  the  first  time  in  English,  and  supplying 
he  most  accurate  method  of  platting  angles;  and  a  Table  of  natuiid 

Sims  and  Tangents.  .  The  usual  Logarithmic  Tables  are  also  giveu. 
The  tables  are  printed  on  tinted  paper,  on  the  eye-saving  principle  of 
Babbage. 

XII.  The  great  number  of  engraved  illustrations,  most  of  them  crig- 
tnal,  is  a  peculiar  feature  of  this  volume,  suggested  by  the  experience  of 
the  author  that  one  diagram  is  worth  a  page  of  print  in  giving  clearness 
and  definiteness  to  the  otherwise  vague  conceptions  of  a  student. 

XIII.  The  practical  details,  and  hints  to  the  young  Surveyor,  have 
been  made  exceedingly  full  by  a  thorough  examination  of  more  than  fifty 
works  on  the  subject,  by  English,  French  and  German  writers,  so  as  to 
make  it  certain  that  nothing  which  could  be  useful  had  been  overlooked. 
It  would  be  impossible  to  credit  oach  item  (though  this  has  been  most 
scrupulously  done  in  the  few  cases  in  which  an  American  writer  has  been 
referred  to),  but  the  principal  names  are  these:  Adams,  Ainslie,  Baker, 
Begat,  Belcher,  Bourgeois,  Bourns,  Brees,  Bruff,  Burr,  Castle,  Fran- 
ooeur,  Frome,  Galbraith,  Gibson,  Guy,  Hogard,  Jackson,  Lamotte, 
Lefevre,  Mascheroni,  Narrien,  Nesbitt,  Pearson,  Puille,  Puissant,  Eeg- 
nault,  Bichard,  Serret,  Simms,  Stevenson,  Weisbach,  Williams. 

Should  any  important  error,  either  of  printer  or  author,  be  discovered 
(as  is  very  possible  in  a  work  of  so  much  detail,  despite  the  great  care 
used)  the  writer  would  be  much  obliged  by  its  prompt  communication. 

The  present  volume  will  be  followed  by  another  :n  Levxllikg  and 
Higher  8i;bv£TIno  :  embracing  Levelling  (with  Spirit-Level,  Theodo- 
lite, Barometer,  etc.)  ;  its  applications  in  Topography  or  Hill-drawing, 
'•n  Mning  Surveys,  etc. ;  the  Sextant,  and  other  reflecting  instruments ; 
Maritime  Surveying ;  and  Geodesy,  with  its  practical  Astronomy. 
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PAET  I. 

GENERAL   PRINCIPLES 
FUNDAMENTAL    OPERATIONS. 


CHAPTER  I. 

DEFINITIONS  MD  METHODS. 

(1)  SuBVETiKa  is  the  art  of  making  sncli  measurements  as  will 
detennine  the  relative  positions  of  any  points  on  the  surface  of  the 
earth;  so  fiiat  a  Mc^  of  any  portion  of  that  surface  may  be  drawn, 
and  its  Content  calculated. 

(2)  The  position  of  a  point  is  said  to  be  determined^  when  it  is 
known  how  far  ihat  point  is  from  one  or  more  g^ven  points,  and  in 
what  direction  there-&om ;  or  how  far  it  is  in  front  of  them  oi 
behind  them,  and  how  far  to  their  right  or  to  their  left,  &c ;  so 
that  the  place  of  the  first  pomt,  if  lost,  could  be  again  found  by 
repeating  these  measurements  in  the  contrary  direction. 

The  "  points"  which  are  to  be  determined  in  Surveying,  are  not 
the  mathematical  points  treated  of  in  Geometry ;  but  the  comers 
of  fences,  boundary  stones,  trees,  and  the  Kke,  which  are  mere 
points  in  comparison  with  the  extensive  surfaces  and  areas  which 
fhey  are  the  means  of  determining.  In  strictness,  their  centreff 
should  be  regarded  as  the  points  alluded  to. 
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(3)  A  straight  lAne  is  ^^determmed/'  that  is,  has  its  length 
and  its  position  known  and  fixed,  when  the  points  at  its  extrem- 
ities are  detennined ;  and  a  plane  Surface  has  its  form  and  dimen* 
sions  determined,  when  the  lines  which  bonnd  it  are  determined. 
Consequently,  the  determination  of  the  relative  positions  of  poinU 
is  all  that  is  necessary  for  the  principal  objects  of  Surveying ; 
which  are  to  make  a  map  of  any  surface,  such  as  a  field,  farm, 
state,  &c.,  and  to  calculate  its  content  in  square  feet,  acres,  or 
square  miles.  The  former  is  an  application  of  Drafting,  the  latter 
of  Mensuration. 

(4)  The  position  of  a  point  may  be  determined  by  a  variety  of 
methods.  Those  most  frequently  employed  in  Surveying,  are  the 
following ;  all  the  points  being  supposed  to  be  in  the  same  plane. 

(5)  First  8letlio4.  By  measuring  the  distances  from  the  r^ 
quired  point  to  two  given  points. 

Thus,  in  Fig.  1,  the  pomt  S  is  "  deter-  ^^s- ^'    ^ 

mined,"  if  it  is  known  to  be  one  inch  ^^-^  \ 


from  A,  and  half  an  inch  from  B :  for,  ^^^^^  \ 

its  place,  if  lost,  could  be  found  by  de-     a-^ *b 

scribing  two  arcs  of  circles,  from  A  and  B  as  centres,  and  with  the 
ffveg  distances  Ba  radii.  The  required  point  would  be  at  the 
intersection  of  these  arcs. 

In  applying  Hiis  principle  in  Burveying,  S  may  represent  any 
station,  such  as  a  comer  of  a  field,  an  angle  of  a  fence,  a  tree,  a 
house,  &c.  K  then  one  comer  of  a  field  be  100  feet  fit>m  a 
second  comer,  and  50  feet  from  a  third,  the  place  of  the  first  cor- 
ner is  known  and  determined  with  reference  to  the  other  two. 

There  will  be  two  points  fulfilling  this  condition,  one  on  each  side 
of  the  ^ven  line,  but  it  will  always  be  known  which  of  them  is  the 
one  desired. 

In  Geogrcqphyy  this  principle  is  employed  to  indicate  the  por- 
tion of  a  town ;  as  when  we  say  that  Buffido  is  distant  (m  a  straight 
line)  295  miles  from  New-Tork,  and  890  from  Cincinnati,  and 
thus  convey  to  a  stranger  acquainted  with  only  the  last  two  placet 
a  correct  idea  of  the  position  of  the  first. 


OBAP  I.]  Defliltlens  and  methods.  1 1 

In  Analytical  Geometry^  the  lines  AS  and  BS  are  known  as 
^ Focal  Cthorcknatei ;^^  Hie  general  name  ^^coordinates"  being 
applied  to  the  lines  or  angles  which  determine  the  poedtion  of  a 
point. 

(S)  Second  Metkod*  By  measuring  the  perpendieular  df»* 
tanee  from  the  required  point  to  a  given  linej  and  the  distanee 
(hence  along  the  line  to  a  given  point. 

Thus,  m  Fig.  2,  if  the  perpendicular  dis-  F>«-  2. 

tance  SO  be  half  an  inch,  and  GA  be  one  T 

inch,  the  point  S  is  ^^  determined" :  for,  its  j 

place  could  be  again  found  by  measuring  one  | 

inch  from  A  to  C,  and  half  an  inch  from  C,    j£  8 

at  li^t  angles  to  AC,  which  would  fix  the  point  S. 

The  Public  Lands  of  the  United  States  are  laid  out  by  this 
method,  as  will  be  explained  in  Part  XTT. 

In  Q-eography^  this  principle  is  employed  under  the  name  of 
Latitude  and  Longitude. 

Thus,  Philadelphia  is  one  degree  and  fifty-two  minutes  of  lon^ 
tude  east  of  Washington,  and  one  degree  and  three  minutes  of  lati- 
tude north  of  it. 

In  Analytical  Geometry,  the  lines  AG  and  GS  are  known  as 
^^Rectangular  Co-ordinates. ^^  The  point  is  there  regard^  as 
determined  by  the  intersection  of  two  lines,  drawn  parallel  to  two 
fixed  lines,  or  '^  Axes,*  and  at  a  ^ven  distance  from  them.  These 
AxeSj  in  the  present  figure,  would  be  the  line  AG,  and  another 
Bne,perpendicular  to  it  and  passmg  through  A,  as  the  origin. 

(7)  TUrd  Method.     By  measuring  the  angle  between  a  given 
line  and  a  line  drawn  from  any  given  point  of  it  to  the  requiM  ' 
point;  and  also  the  length  of  this  latter  line. 

Thus,  in  Hg.  8,  if  we  know  the  angle  pjg.  3. 

BAS  to  be  a  third  of  a  right  angle,  and  Be 

AS  to  be  one  inch,  the  pomt  S  is  determin- 
ed ;  for,  its  place  could  be  found  by  drawing 

from  A,  a  line  making  the  given  angle  with  A^-^ B 

AB,  and  measunng  on  it  the  given  distance. 
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In  appljing  this  principle  in  Gnnrejing,  S,  as  before,  may  repr» 
sent  any  station,  and  the  line  AB  may  be  a  fence,  or  any  other 
real  or  imaginary  line. 

In  ^^  Compass  Sunreying/'  it  is  a  north  and  south  line,  the  direo- 
tion  of  which  is  gLven  by  the  magnetic  needle  of  the  compass. 

In  Q-eographyy  this  principle  is  employed  to  determine  the  rela^ 
tive  positions  of  places,  by  ^^  Bearing?  and  distances" ;  as  when  we 
say  that  San  Francisco  is  1750  miles  nearly  due  west  firom  St.  Louis ; 
the  word  ^^  west"  indicating  the  oUreetion,  or  angjle  which  the  line 
joining  the  two  places  makes  with  a  north  and  south  line,  and 
the  number  of  miles  giving  the  length  of  that  line. 

In  Anali/ticdl  Q-eometry^  the  line  AS,  and  the  angle  BAS,  are 
called  ^^  Polar  C(Hyrdinate9.^^ 

(8)  Fourth  Method.  By  measuring  the  angles  made  with  a 
given  line  hy  two  other  lines  starting  from  given  points  upon  tt, 
•and  passing  through  the  required  points 

Thus,  m  Fig.  4,  the  point  S  is  deter-  Fig.  4. 

mined  by  being  in  the  intersection  of  the 
two  lines  AS  and  BS,  which  make  re* 


spectiyely  angles  of  a  half  and  of  a  third     ^--^  \ 

of  a  right  angle  with  the  line  AB,  which   a  li 

is  (||e  inch  long ;  for,  the  place  of  the  pomt  could  be  found,  if  lost, 
by  drawing  from  A  and  B  Imes  making  with  AB  the  known  angles. 

In  0-eographyy  we  might  thus  fix  the  position  of  St.  Louis,  by 
.saying  it  lay  nearly  due  north  from  New-Orleans,  and  due  west 
^irom  Washington. 

In  Analytical  Q-eometry^  these  two  angjles  would  be  called 
^^  Angular  Co-ordinates.^^ 

(9)  In  Hg.  5,  are  shown  together  all 
the  measurements  necessary  for  determin- 
ing the  same  pomt  S,  by  each  of  the  four 
preceding  methods.  In  the  First  Me- 
thod, we  measure  the  distances  AS  and 
BS ;  in  the  Second  Method,  the  distances  AG  and  OS,  the  lattei 
at  right  angles  to  the  former ;  m  the  Third  Method,  the  distance 
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AS,  and  the  angle  SAB ;  and  in  the  F<mrih  Method,  the  angles 
SAB  and  SBA.  In  all  these  methods  the  point  is  really  deter* 
mined  bj  the  intersection  of  two  lines,  either  straight  lines  or 
arcs  of  circles.  Thus,  in  the  First  Method,  it  is  determined  by 
the  intersection  of  two  circles ;  in  the  Second,  by  the  intersection 
of  two  straight  lines  ;  in  the  Third,  by  the  intersection  of  a  straight 
line  and  a  circle ;  and  in  the  Fourth,  by  the  intersection  of  two 
straight  lines. 

(10)  Fifth  Methodt  By  measuring  the  angles  made  with  each 
other  by  three  lines  of  sight  passing  from  the  reared  point  to 
^ee  points  tohose  positions  are  knoitm. 

Thus,  in  Kg.  6,  the  point  S  is  deter- 
inined  by  the  angles,  ASB  and  BSC, 
made  by  tiie  three  lines  SA,  SB  and 
SG. 

Geographically,  the  position  of  Chi- 
cago would  be  determined  by  three 
straight  lines  passing  from  it  to  Wash- 
ington, Cincinnati^  and  Mobile,  and  mak- 
ing known  angles  with  each  other ;  that  of  the  first  and  second 
lines  being  about  one-third,  and  that  of  the  second  and  third  lines, 
about  one-half  of  a  right  angle.  • 

From  the  three  lines  employed,  this  may  be  named  the  Method 
of  nUinear  co-ordinates. 


8 


(11)  The  position  of  a  point  is  sometimes  determined  by  the 
intersection  of  two  lines,  which  are  themselves  determined  by  their 
extremities  being  pven.    Thus,  in  Rg.  7,  F>«-  7- 

the  point  S  is  determined  by  its  being  sit-      1  ^..-"r 

uated  in  the  intersection  of  AB  and  CD.  j\ — ^ 
This  method  is  sometimes  employed  to  fix 
the  position  of  a  Station  on  a  Rail-Road  * 
line,  &c.,  when  it  occurs  in  a  place  where 
a  stake  cannot  be  driven,  such  as  in  a  pond ;  and  in  a  few  other 
eases ;  but  is  not  used  frequently  enough  to  require  that  it  should 
becalled  a  sixth  principle  of  Surveymg. 
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(12)  These  five  methods  of  detenniniog  the  positions  of  points, 
produce  five  corresponding  systems  of  Survejing,  which  may  ba 
named  as  follows : 


I.  DIAGONAL  SURVEYING. 

n.  PERPENDICULAR  SURVEYING, 
m.  POLAR  SURVEYING 
IV.  TRIANGULAR  SURVEYING. 

V.  TRILINEAR  SURVEYING. 

(IS)  The  aboye  division  of  Surveying  has  been  made  in  har- 
mony with  the  principles  involved  and  the  methods  employed. 

G^ie  subject  is,  however,  sometimes  divided  with  reference  to  the 
imtrumenta  employed ;  as  the  chain,  either  alone  or  with  cross- 
staff;  the  compass;  the  transit  or  theodolite;  the  sextant;  the 
plane  table,  &c. 

(14)    Surveymg  may  also  be  divided  according  to  its  ohfects. 

In  Land  Surveying,  the  content,  in  acres,  &c.,  of  the  tract  sai«> 
veyed,  is  usually  the  principal  object  of  the  survey.  A  map, 
showing  the  shape  of  the  property,  may  also  be  required.  Certam 
signs  on  it  may  indicate  the  different  kinds  of  culture,  &c.  This 
land  may  also  be  required  to  be  divided  up  in  certain  proportions ; 
and  the  lines  of  division  may  also  be  required  to  be  set  out  on  the 
ground.  One  or  all  of  these  objects  may  be  demanded  in  Land 
Surveying. 

In  Topographical  Surveying,  the  measurement  and  graphical 
representation  of  the  inequalities  of  the  ground,  or  its  ^'  relief,"  i.  e. 
its  hills  and  hollows,  as  determined  by  the  art  of  "  Lc^veUing,"  is 
the  leadmg  object. 

In  Maritime  or  Hydrographical  Surveying,  the  positions  of 
rocks,  shoals  and  channels  are  the  chief  subjects  of  examination. 

In  Mining  Surveying,  the  directions  and  dimensions  of  the  sub 
terranean  passages  of  mines  are  to.  be  determmed. 
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(15)  Surveying  may  also  be  divided  according  to  the  extent  of 
the  district  surveyed,  into  Plane  and  Q-eodene.  Greodesy  takes 
into  account  the  curvature  of  the  earth,  and  employs  Spherical 
Trigonometry.    Plane  Surveying  disregards  this  curvature,  as  a 

of  a  State,  and  considers  the  sur&ce  of  the  earth  as  plane,  which 
WAj  safely  be  done  in  surveys  of  moderate  extent. 

(1()  Land  Swrveying  is  the  principal  subject  of  this  volume ; 
the  8ur£Bice  surveyed  being  regarded  as  plane;  and  each  of  the 
five  Methods  being  in  turn  employed.  For  the  purposes  of  instruc- 
tion, the  subject  will  be  best  divided,  partly  with  reference  to  the 
Methods  employed,  and  partly  to  the  Instruments  used.  Accord- 
ingly, the  Mret  and  Second  Methods  (Diagonal  and  Perpendic- 
ular Surveying)  will  be  treated  of  under  the  title  ^^  Chain  Survey- 
ing," in  Part  H.  The  Third  Method  (Polar  Surveying)  wiU  be 
explained  under  the  titles  ^^  Compass  Surveying,''  Part  m,  and 
"  Tranfflt  and  Theodolite  Surveying,"  Part  IV.  The  Fourth  and 
ly^  Methods  wiU  be  found  under  their  own  names  of  ^^  Triangu- 
lar Surveying,"  and  "  Trilinear  Surveying,"  in  Parts  V  and  VI. 

(17)  In  all  the  methods  of  Land  Surveying,  there  are  three 
stages  of  operation : 

1^  Meaeurinff  certam  Imes  and  angles,  and  recording  them ; 
2^  Drawing  them  on  paper  to  some  suitable  scale ; 
3^  CalcuUsdng  ihe  content  of  the  surface  surveyed. 
The  three  following  chapters  will  treat  of  each  of  these  topics  in 
fheir  turn. 
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CHAPTER  IL 

HAKING  THE  MEASPREMESfTS. 

(18)  Thb  Measurements  which  are  required  in  Suryejing,  ma; 
be  of  lines  or  of  angles,  or  of  both ;  according  to  the  Method  em- 
ployed     Each  will  be  successivelj  considered. 

MEASURING  STRAIGHT  LINES. 

(19)  The  lines,  or  distances,  which  are  to  be  measured,  may  be 
either  actual  or  yisual. 

Actual  lines  are  such  as  really  exist  on  the  surface  of  the  land 
to  be  surveyed,  either  bounding  it,  or  crossing  it ;  such  as  fences, 
ditches,  roads,  streams,  &c. 

Visual  lines  are  imaginary  lines  of  sight,  either  temporarily 
measured  on  the  ground,  such  as  those  joining  opposite  comers  o£ 
a  field;  or  simply  indicated  by  stakes  at  their  extremities  or  other- 
wise.   If  long,  they  are  "  ranged  out "  by  methods  to  be  given. 

Lines  are  usually  measured  with  chains,  tapes  or  rods,  di- 
vided into  yards,  feet,  links,  or  some  other  nnit  of  measurement. 

(20)  Canter's  Chain.  This  is  the  measure  most  commonly 
used  in  Land  surveying.    It  is  66  feet,  or  4  rods  long.*    Eighty 

Buch  chains  make  one  mile. 

Fig  8. 

^^M       ■       ^— ^■^^^.»^iw  .    m     m      ■  — «— .^      ■      m      f  ■  ^t— ^w— ^—m^— y^      ■       ■      ^^ 
>■      ■       1       ■     .fc     ■      ■      ■      ■      ,,j>      ■■■■■■■■■i^a^^ — ^^^^ 

^    ■•— ^tfHW-^^-^i^'    ■•       ■  ■    •       ■       y        «— ^»— a       ■■■■i^ii»       ■■     ^       ^.     ■       m       m       ^""^ 

It  is  composed  of  one  hundred  pieces  of  iron  wire,  or  links,  each 
bent  at  the  end  into  a  ring,  and  connected  with  the  ring  at  the  end 
of  the  next  piece  by  another  ring.  Sometimes  two  or  three  rings 
are  placed  between  the  links.    The  chain  is  then  less  liable  to 

*  This  length  was  chosen  (by  Mr.  Edward  Ganter)  because  10  square  chains 
of  66  feet  make  one  acre,  (as  will  be  shown  in  Ohapter  IV,)  and  the  compntatiou 
of  areas  is  thos  greatly  facilitated.  For  other  Surveying  purposes,  particularly 
for  Bail-road  work,  a  chain  of  100  feet  is  preferable.  On  the  United  States 
Coast  Survey,  the  unit  of  measurement  (which  at  some  future  time  will  be  tne 
•niversal  one)  is  the  French  Mthre,  equal  to  8.281  feet,  nearly. 
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nrist  and  got  entan^ed,  or  "  kinked."  Two  or  more  swivels  ore 
also  inserted  in  the  chain,  so  that  it  may  tarn  around  without  twist- 
ing. Every  tenth  link  is  marked  by  a  piece  of  brass,  having  one, 
two,  three,  or  four  points,  corresponding  to  the  number  of  tens 
which  it  ^&arks,  counting  from  the  nearest  end  of  the  chain.*  The 
middle  or  fiftieth  link  is  marked  by  a  round  piece  of  brass. 

The  hundredth  part  of  a  chain  is  called  a  link.f  The  great 
advantage  of  this  is,  that  since  links  are  decimal  parts  of  a  chain, 
they  may  be  so  written  down,  5  chains  and  48  links  being  5.43 
chains,  and  all  the  calculations  respecting  chadns  and  links  can  then 
be  performed  by  the  common  rules  of  decimal  Arithmetic.  Each 
link  is  7.92  inches  long,  being  =  66  X  12  -r  100. 

The  following  Table  will  be  found  convenient : 


CHAJITS  INTO  FEET.    | 

jCHAINS. 

FEET. 

CHAINS. 

FEET. 

0.01 

0.66 

1.00 

66. 

0.02 

1.32 

2. 

132. 

0.03 

1.98 

3. 

198. 

0.04 

2.64 

4. 

264. 

0.05 

8.80 

5. 

330. 

0.06 

3.96 

6. 

396. 

0.07 

4.62 

7. 

462. 

0.08 

5.28 

8. 

528. 

0.09 

5.94 

9. 

594. 

0.10 

6.60 

10. 

660. 

0.20 

13.20 

20. 

1320. 

0.30 

19.80 

80. 

1980. 

0.40 

26.40 

40. 

2640. 

0.50 

33.00 

60. 

8800. 

0.60 

39.60 

60. 

8960. 

0.70 

46.20 

70.    • 

4620. 

0.80 

52.80 

80. 

5280. 

0.90 

69.40 

90. 

6940. 

1.00 

66.00 

100. 

6600. 

FEET  INTO  LINKS. 

FEET. 

uincs. 

FEET. 

USKS. 

0.10 

0.15 

10. 

15.2 

0.20 

0.30 

15. 

22.7 

0.25 

0.88 

20. 

80.8 

0.80 

0.45 

25. 

87.9 

0.40 

0.60 

30. 

45.4 

0.50 

0.76 

33. 

60.0 

0.60 

0.91 

85. 

53.0 

0.70 

1.06 

40. 

60.6 

0.76 

1.13 

46. 

68.2 

0.80 

1.21 

60. 

76.8 

0.90 

1.36 

65. 

88.8 

1.00 

1.52 

60. 

90.9 

2. 

8.0 

65. 

98.6 

3. 

4.5 

70. 

106.1 

4. 

6.1 

75. 

113.6 

6. 

7.6    1 

80. 

121.2 

6. 

9.1    i 

35. 

128.8 

7. 

10.6 

90. 

136.4 

8. 

12.1 

95. 

143.9 

9. 

13.6 

100. 

151.5 

•  To  prexent  the  very  common  mistalce, of  calling  forty,  sixty;  or  thirty,  seveniy } 
It  bu  been  suggested  to  make  the  lltb,  2lBt,  Slst  and  4l8t  links  of  brasa;  which 
VR»ald  at  once  nttow  on  which  side  of  the  middle  of  the  chain  was  the  doubtful 
mark.    This  would  be  particularly  useful  in  Mining  Surveying. 

t  Thio  must  not  be  confonnded  with  the  pieces  of  wire  which  have  the  same 
name,  since  one  of  them  is  shorter  than  the  "  link"  used  in  calculation,  by  half  o 
rloK*  o"  more,  according  to  the  way  :n  which  the  chain  is  made. 
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To  reduce  links  to  feet,  subtract  from  the  number  of  links  as 
many  units  as  it  contains  hundreds ;  multiply  the  remainder  b j  2 
and  divide  by  3. 

To  reduce  feet  to  links,  add  to  the  given  number  half  of  itself, 
and  add  one  for  each  hundred  (more  exactly,  for  each  ninety-nine) 
in  the  sum. 

The  chain  is  liable  to  be  lengthened  by  its  rings  being  pulled 
open,  and  to  be  shortened  by  its  links  being  bent.  It  should  there- 
fore be  frequently  tested  by  a  carefully-measured  length  of  66  feet, 
set  out  by  a  standard  measure  on  a  flat  surface,  such  as  the  top 
df  a  wall,  or  on  smooth  level  ground  between  two  stakes,  their 
centres  being  marked  by  small  nails.  It  may  be*left  a  little  longer 
than  the  true  length,  since  it  can  seldom  be  stretched  so  as  to  be 
perfectly  horizontal  and  not  hang  in  a  curve,  or  be  drawn  out  in  a 
perfectly  straight  line.*  Distances  measured  with  a  perfectly 
accurate  chain  will  always  and  unavoidably  be  recorded  as  longer 
than  they  really  are.  To  ensure  the  chain  being  always  strained 
with  the  same  force,  a  spring,  like  that  of  a  spring-balancei 
is  sometimes  placed  between  one  handle  and  the  rest  of  the 
chain. 

K  a  line  has  been  measured  with  an  incorrect  chain,  the  true 
length  of  the  line  will  be  obtained  by  multiplying  the  number  of 
chains  and  links  in  the  measured  distance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  given  by  measurement  of 
it  with  the  incorrect  chain.  The  proportion  here  employed  is  this : 
As  the  length  of  the  standard  given  by  the  incorrect  chain  Is  to 
i\e  true  length  of  the  standard.  So  is  the  length  of  the  line  ^ven 
by  the  measurement  To  the  true  length.  Thus,  suppose  that  a 
Bne  has  been  measured  with  a  certain  chain,  and  found  by  it  to  be 
ten  chains  long,  and  that  the  chain  is  afterwards  found  to  have  been 
so  stretched  that  the  standard  distance,  measured  by  it,  appears  to 
be  only  99  links  long.  The  measured  line  is  therefore  longer 
Qian  it  had  been  thought  to  be,  and  its  true  length  is  obtained 
by  multiplying  ten  by  100,  and  dividing  by  99. 

The  chain  used  by  the  Government  Surveyora  of  France,  which  is  10  Metret, 
or  about  half  a  Ganter's  chain  in  length,  is  made  from  one-fifth  to  two-Hfths  of  an 
inch  longer  than  the  standard.  An  inaccuracy  of  one  five  hnndre<Ith  of  its  length 
.■■  1^  inches  on  aGnntor's  chnvu)  is  the  utmost  allowed  nut  to  vitiiitc  the  survov 
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(21)  Plus.  Ten  iron  pins  or  "  arrows,"  usually  accompany  the 
ehain/  They  are  about  a  foot  long,  and  are  made  of  stout  iron 
wire,  sharpened  at  one  end,  and  bent  into  a  ring  at  the  other. 
Pieces  of  red  and  white  cloth  should  be  tied  to  their  heads,  so  that 
they  can  be  easily  found  in  grass,  dead  leaves,  &;c. 

They  should  be  strung  on  a  ring,  which  has  a  spring  catch  t^ 
retain  them.  Their  usual  form  is  shown  in  Fig.  9.  Fig.  9.  Fig.  lo. 
fig.  10  shows  another  form,  made  very  large,  and  ^  ^ 

therefore  very  heavy,  near  the  point,  so  that  when     f  (f 

held  by  the  top  and  dropped,  it  may  fall  vertically. 
The  OSes  of  this  will  be  seen  presently. 


♦ 


(22)  On  irregular  ground,  two  stout  stakes  about 
six  feet  long  are  needed  to  put  the  forward  chain- 
man  in  line,  and  to  enable  whichever  of  the  two  is 
lowest,  to  raise  his  end  of  the  chain  in  a  truly  vertical  line,  and  to 
strain  the  chain  straight. 

A  number  of  long  and  slender  rods  are  also  necessary  for 
'^  ran^g  out "  lines  between  distant  points,  in  the  manner  to  be 
explained  hereafter ;  in  Part  11,  Chapter  V. 

(23)  How  to  ChaiDt  Two  men  are  required ;  a  forwai'd  chain^ 
main,  and  a  hind  chain-man ;  or  leader  and  follower.  The  latter 
takes  the  handles  of  the  chain  in  his  left  hand,  and  the  chain  itself 
in  his  right  hand,  and  throws  it  out  in  the  direction  in  which'  it  is  to 
be  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pin  in 
his  right  hand,  and  the  other  pins  (and  the  staff,  if  used,)  in  his 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks 
beside  it,  examining  carefully  that  it  is  not  twisted  or  bent.  He 
then  returns  to  its  hinder  end,  which  he  holds  at  the  beginning  of 
the  line  to  be  measured,  puts  his  eye  exactiy  over  it,  and,  by  the 
words  "  Right,"  "  Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  '^  in  line,"  so  that  it  may  seem  to 
eover  and  hide  the  flagnstaff,  or  other  object  at  the  end  of  the  line. 

*  Eleven  pins  are  sometimes  used,  one  being  of  brass.  Nine  of  iron,  with  four 
•r  eight  of  orasSi  may  also  be  employed.  Their  uses  are  explained  in  Articloi 
(M)  and  (24).  * 
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The  leader  all  the  while  keeps  the  chain  tightly  stretched,  and  hia 
end  of  it  touching  his  staff.  Every  time  he  moyes  the  chdn,  he 
should  straighten  it  by  an  undulating  shake.  When  the  staff  (or 
pin)  is  at  last  put  "  in  line,"  the  follower  says  "  Down."  The 
leader  then  puts  in  the  single  pin  precisely  at  the  end  of  tiie  chain, 
and  replies  "  Down."  The  follower  then  (and  never  before  hearing 
this  signal  that  the  point  is  fixed)  loosens  his  end  of  tiie  chain, 
retaining  it  in  his  hand.  The  leader  draws  on  the  chm,  making 
a  step  to  one  side  of  the  pin  just  set,  to  avoid  dragging  it  out.  He 
should  keep  his  eye  steadily  on  the  object  ahead,  or,  in  a  hollow, 
should  line  himself  approximately  by  looking  back.  The  follower 
should  count  his  steps,  so  as  to  know  where  to  look  for  the  pin  in 
high  grass,  &c.  As  he  approaches  the  pin,  he  calls  '^  Halt."  On 
reaching  it,  he  holds  the  handle  of  the  chain  against  it,  pressing 
his  knee  against  both  to  keep  the  pin  firm.  He  then,  with  his  eye 
over  the  pin,  "  linos"  the  leader  as  before.  When  the  "  Down" 
has  been  again  called  by  the  follower,  and  answered  by  the  leader, 
the  former  pulls  out  the  pin  with  the  chain-hand,  and  carries  it  in 
his  other  hand,  and  they  go  on  as  before.*  The  operation  is 
repeated  till  the  leader  has  arrived  at  the  end  of  the  line,  or  has 
put  down  all  his  pins. 

When  the  leader  has  put  down  his  tenth  pin,  he  draws  on  the 
chain  its  length  farther,  and  after  being  lined,  puts  his  foot  on  the 
handle  to  keep  it  firm,  and  calls  "Tally."  The  follower  then 
drops  his  end  of  the  chain,  goes  up  to  the  leader  and  gives  him 
back  all  the  pins,  both  counting  them  to  make  sure  that  none  have 
been  lost.  One  pin  is  then  put  down  at  the  forward  end  of  the 
chiun,  and  they  go  oti  as  before. 

Some  Surveyors  cause  the  leader  to  call  "tally"  at  the  tenth 
pm,  and  then  exchange  pins ;  but  then  the  follower  has  only  the 
hole  made  by  the  pin,  or  some  other  indefinite  mark,  to  measure 
from. 

Eleven  pins  are  sometimes  preferred,  the  eleventh  being  of  brass, 
or  otherwise  different  from  the  rest,  and  being  used  to  mark  the 

*  When  a  chain's  length  would  end  in  a  ditch,  pool  of  water,  &o.  nnd  the  chaint 
men  are  afraid  of  wetting  their  feet,  they  can  measure  part  of  a  chain,  to  the  edgt 
of  the  water,  then  stretch  the  chain  acrosa^t,  and  then  measure  another  portiui 
•f  a  chain,  so  tliat  with  the  former  portion,  it  may  make  up  a  full  chain. 
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end  of  the  eleventh  chain ;  another  being  substitutei  for  it  before 
the  leader  goes  on. 

The  two  chain-men  may  change  duties  at  each  change  of  pins, 
if  they  are  of  equal  skill,  but  the  more  careful  and  intelligent  of 
two  laborers  shotuld  generally  be  made  ^'  follower." 

When  the  leader  reaches  the  end  of  tho  line,  he  stops,  and  holds 
his  end  of  the  chain  against  it.  The  follower  drops  his  end  and 
counts  the  links  beyond  the  last  pin,  noting  carefully  on  which  aide 
of  the  '^  fifty"  mark  it  comes.  Each  pin  now  held  by  the  follower, 
including  the  one  in  the  ground,  represents  1  chain ;  each  time 
^^  tally"  has  been  called,  and  the  pins  exchanged,  represents  10 
chmns,  and  the  links  just  counted  make  up  the  total  distance. 

(24)  Tallies.  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  the  number  of  ^'  tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  &c.,  may  be  changed  from  one  pocket  into  another 
at  each  change  of  pins ;  or  bits  of  leather  on  a  cord  may  be  slip- 
ped from  one  side  to  the  other ;  or  knots  tied  on  a  string ;  but  the 
best  plan  is  the  following.  Instead  of  ten  iron  pins,  use  nine  iron 
pins,  and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer 
than  the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pins  being 
exhausted,  a  brass  pin  is  put  down  by  the  leader.  The  follower 
then  comes  up,  and  returns  the  nine  iron  pins,  but  retuns  the  brass 
one,  with  the  additional  advantage  of  having  this  pin  to  measure 
&om.  At  the  end  of  the  twentieth  chain,  the  same  operation  is 
repeated ;  and  so  on.  When  the  measurement  of  the  line  is  com- 
pleted, each  brass  pin  held  by  the  follower  counts  ten  chains,  and 
each  iron  pin  one,  as  before. 

(i5)  Chatniiig^  on  Slopes*  All  the  distances  employed  in 
Land-surveying  must  be  measured  horizontally,  or  on  a  level ;  for 
reasons  to  be  given  m  chapter  lY.  When  the  ground  slopes,  it  is 
therefore  necessary  to  make  certain  allowances  or  corrections.  If 
the  slope  be  gentle,  hold  tho  up-hill  end  of  the  chain  on  the  ground, 
and  raise  the  down-hill  end  till  the  chain  is  level.  To  ensure  the 
elevated  end  bemg  exactly  over  the  desired  spot,  raise  it  along  a 
staff  kept  vertical,  or  drop  a  pin  held  by  the  point  with  the  ring 
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downwards,  (if  you  have  not  tho  heavy  pointed  ones  shown  in  Fig, 
10),  or,  which  is  better,  use  a  plumb-line.  A  person  standing 
beside  the  chain,  and  at  a  little  distance  from  it,  can  best  tell  if  it 
be  nearly  level.  If  the  hill  be  so  steep  that  a  whole  chain  cannot 
be  held  up  level,  use  only  half  or  quarter  of  it  at  a  time.  Greal 
care  is  necessary  in  this  operation.  To  measure  down  a  steep  hill« 
stretch  the  whole  chain  in  line.     Hold  the  Fig.  ii. 

upper  end  fast  on  the  gromid.  Raise  up 
the  20  or  30  link-mark,  so  that  that  portion 
of  the  chain  is  level.  Drop  a  plumb-line  or 
pin.  Then  let  the  follower  come  forward 
and  hold  down  that  link  on  this  spot,  and  the  leader  hold  up  an- 
other short  portion,  as  before.  Chaining  down  a  slope  is  more 
accurate  than  chaining  up  it,  since  in  the  latter  case  the  follower 
cannot  easily  place  his  end  of  the  chain  exactly  over  the  pin. 

(26)  A  more  accurate,  though  more  troublesome,  method,  is  to 
measure  the  angle  of  the  slope ;  and  make  the  proper  allowance 
by  calculation,  or  by  a  table,  previously  prepared.  The  correction 
being  found,  tiie  chain  may  be  drawn  fonvard  the  proper  number 
of  links,  and  the  correct  distance  of  the  various  points  to  be  noted 
will  thus  be  obtained  at  once,  without  any  subsequent  calculation 
or  reduction.  K  the  survey  is  made  with  the  Theodolite,  the  slope 
of  the  ground  can  be  measured  directiy,  A  "  Tangent  Scale,"  for 
the  same  purpose,  may  be  formed  on  the  sides  of  the  sights  of  a 
Composs.    It  will  be  described  when  that  instrument  is  explained. 

In  the  following  table,  the  first  column  CQntains  the  angle  which 
the  surface  of  tiie  ground  makes  with  the  horizon;  the  second 
column  contains  its  slope,  named  by  the  ratio  of  the  perpendiculai 
to  the  base ;  and  the  third,  the  correction  in  links  for  each  chain 
measured  on  the  slope,  i.  e.  the  difference  between  the  hypothenuse, 
which  is  the  distance  measured,  and  the  horizontal  base,  which  ia 
the  distance  desired. 
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ASQhS. 

SLOPS. 

COREECTION 
IN  LINKS. 

ANGLE. 

SLOPE. 

CORRECTION 
IN   LINKS. 

30 

Iinl9 

0.14 

130 

lin  4^ 

2.66 

40 

linU 

0.24 

140 

lin4 

2.97 

6° 

linll^ 

0.88 

15=^ 

lin  4 

3.41 

6° 

lin    9^ 

0.55 

16° 

lin3| 

3.87 

70 

lin    8 

0.76 

170 

linSj 

4.37 

8= 

lin    7 

0.97 

18° 

linSi 

4.89 

93 

lin    6i 

1.23 

193 

lin3 

5.45 

10^- 

lin    6 

1.63 

20° 

lin2| 

6.03 

11=> 

lin    6J 

1.84 

250 

lin2 

9.37 

12° 

1  in    4| 

2.19 

30° 

1»1| 

13.40 

(27)  Ghcuniiig  i3  the  fundamental  operation  in  all  kinds  of  Sur- 
yejing.  It  has  for  this  reason  been  very  minutely  detjuled.  The 
"follower"  is  the  most  responsible  person,  and  the  Surveyor  will 
best  ensure  his  accuracy  by  taking  that  place  himself.  If  he  has 
to  employ  inexperienced  laborers,  he  will  do  well  to  cause  them  to 
measure  the  distance  between  any  t^vo  points,  and  tlien  remeasure 
it  in  the  opposite  direction.  The  difference  of  their  two  results 
will  impress  on  them  the  necessity  of  great  carefulness. 

To  "  do  up"  the  chain,  take  the  middle  of  it  in  the  left  hand, 
and  with  the  right  hand  take  hold  of  the  doubled  chain  just  beyond 
the  second  link ;  double  up  the  two  links  between  your  hands, 
and  continue  to  fold  up  two  double  links  at  a  time,  laying  each  pair 
obliquely  across  the  :>thers,  so  that  when  it  is  all  folded  up,  the 
handles  will  be  on  the  outside,  and  the  chain  will  have  an  hour-glass 
ahape,  easy  to  strap  up  and  to  carry. 


(28)  Tape*  Though  the  chain  is  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tape4ine^  divided  on  one 
aide  into  links,  and  on  the  other  into  feet  and  inches,  is  more  con- 
venient for  some  purposes.  It  should  be  tested  very  frequently, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet.    A  "  Metallic  Tape,"  less  liable  to  Ftrei^^h,  h^ 
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been  recentlj  manu&ctured,  in  winch  fine  "vdres  form  its  waip. 
When  the  tape  is  being  wound  up,  it  should  be  passed  between  two 
fingers  to  prevent  its  twisting  in  the  box,  which  would  make  it 
necessary  to  unscrew  its  nut  to  take  it  out  and  untwist  it.  While 
ui  use,  it  should  be  made  portable  by  being  folded  up  by  arm^o 
lengths,  instead  of  being  wound  up. 

(29)  Substitutes  for  a  chain  or  a  tape,  may  be  found  in  leather 
driving  lines,  marked  off  with  a  carpenter's  rule,  or  in  a  cord  knot- 
ted  at  the  length  of  every  link.  A  well  made  rope,  (such  as  a 
"patent  wove  line,"  woven  circularly  with  the  strands  always 
straight  in  the  line  of  the  strain),  when  once  well  stretched,  wetted 
and  allowed  to  dry  with  a  moderate  strain,  will  not  vary  from  a 
chain  more  than  one  foot  in  two  thousand,  if  carefully  used. 

(50)  Rods*  When  unusually  accurate  measurements  are  re- 
quired, rods  are  employed.  They  may  be  of  well  seasoned  wood, 
of  glass,  of  iron,  &c.  They  must  be  placed  in  line  very  carefully 
end  to  end ;  or  made  to  coincide  in  other  ways ;  as  will  be  explain- 
ed in  Part  V,  under  the  title  of  "Triangular  Surveying,"  m 
which  the  peculiarly  accurate  measurement  of  one  line  is  required, 
as  aU  the  others  are  founded  upon  it. 

(51)  Pacing,  Soimd,  and  other  approximate  means,  may  be 
used  for  measuring  the  length  of  a  line.  They  will  be  discussed, 
b  Part  IX.    The  Stadia  is  described  in  Art.  (376.) 

(52)  A  Perambulaiar,  or  "  Measuring  Wheel,"  is  sometimes 
used  for  measuring  distances,  particularly  Roads.  It  consists  of  a 
wheel  which  is  made  to  roll  over  the  ground  to  be  measured,  and 
whose  motion  is  communicated  to  a  series  of  toothed  wheels  within 
the  machine.  These  wheels  are  so  proportioned,  that  the  index 
wheel  registers  their  revolutions,  and  records  the  whole  distance 
passed  over.  If  the  diameter  of  the  wheel  be  31  j^  inches,  the  ci]> 
cumference,  and  therefore  each  revolution,  will  be  8^  feet,  or  half 
a  rod.  The  roughnesses  of  the  road  and  the  slopes  necessarily 
oause  the  registered  distances  to  exceed  the  true  measure. 
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MEASURING  ANGLES. 

(33)  The  angle  made  by  any  two  Ilnes^  that  is,  the  difference 
of  their  directions,  is  measured  by  various  instruments,  consisting 
essentially  of  a  circle  divided  into  equal  parts,  with  plain  aghts,  or 
telescopes,  to  indicate  the  directions  of  ^the  two  lines. 

As  the  measurement  of  angles  is  not  required  for  ^^  Chain  Sur- 
veying," which  is  the  first  Method  to  be  discussed,  the  conridera^ 
tion  of  this  kind  of  measurement  will  be  postponed  to  Part  m. 

NOTING  THE   MEASUREMENTS. 

(34)  The  measurements  which  have  been  made,  whetiier  of 
lines,  or  of  angles,  require  to  be  very  carefully  noted  and  recorded. 
Clearness  and  brevity  are  the  points  desired.  Different  methods 
of  notation  are  required  for  each  of  the  systems  of  surveying  which 
are  to  be  explained,  and  will  therefore  be  given  in  their  appropriate 
nlaces. 


CHAPTER  IIL 

DRAWING  THE  MAP. 

(35)  A  Map  of  a  survey  represents  the  lines  which  bound  the 
sur&ce  surveyed,  and  the  objects  upon  it,  such  as  fences,  roads, 
rivers,  houses,  woods,  hills,  &c.,  in  their  true  relative  dimensions 
and  positions.  It  is  a  miniature  copy  of  the  field,  farm,  &c.,  as  it 
would  be  seen  by  an  eye  moving  over  it ;  or  as  it  would  appeur,  if 
bom  every  point  of  its  irregular  surface,  plumb  lines  were  dropped 
to  a  level  surface  under  it,  forming  what  is  called  in  geometrica] 
language,  its  horizoWUil  pvjection. 

(36)  Plattf]ig«  A  plat  of  a  survey  is  a  skeleton,  or  outline 
map.  It  is  a  figure  ^^  similar"  to  the  original,  having  all  its  angles 
equal,  and  its  sides  proportional.  Every  inch  on  it  represents  a 
foot,  a  yard«  a  rod,  a  mile,  or  some  other  length,  on  the  groimd ; 
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all  the  measured  distaDces  being  diminished  in  exactly  the  same 
ratio. 

Platting  is  repeating  on  paper ^  to  a  smaller  scale^  the  mea 
Burements  which  have  been  made  on  the  ground. 

Its  various  operations  may  tiierefore  be  reduced,  in  accordanon 
with  the  principles  established  in  the  Fig.  12 

first  chapter,  to  two,  viz :  drawing 

a  straight  line  in  a  given  direction  

and  of  a  given  length ;  and  descnb-   r^i;!^^ 

ing  an  arc  of  a  circle  with  a  radius 

whose  length  is  also  given.    The 

only  instruments  absolutely  necessary  for  this,  are  a  straight  ruler, 

and  a  pair  of  "  dividers,"  or  "  compasses."     Others,  however,  are 

often  convenient,  and  will  be  now  briefly  noticed. 

(S7)  Straight  Lines,   These  are  usually  drawn  by  the  aid  of  a 

straight-edged  ruler.  But  to  obtain  a  very  long  straight  line  upon 
paper,  stret<3h  a  fine  silk  thread  between  any  two  distant  points, 
and  mark  in  its  line  various  points,  near  enough  together  to  be 
afterwards  connected  by  a  common  ruler.  The  thread  may  also 
be  blackened  with  burnt  cork,  and  snapped  on  tiie  paper,  as  a 
carpenter  snaps  his  chalk  line ;  but  this  is  liable  to  inaccuracies, 
from  not  raising  the  line  vertically. 

(38)  Ares*  The  arcs  of  circles  used  in  fixing  the  position  of  a 
point  on  paper,  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil  point.  A  convenient  substitute  is  a  strip 
of  pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  given  centre,  and  through  a  hole  in  which,  at  the  desired  di» 
tance,  a  pencil  point  is  passed,  and  can  thus  describe  a  circle  about 
the  centre,  the  pasteboard  keepmg  it  always  at  the  proper  distance* 
A.  string  is  a  stiU  readier,  but  less  accurate,  instrument. 

(89)  Parallels.  The  readiest  mode  of  drawing  parallel  lines 
is  by  the  aid  of  a  triangular  piece  of  wood  and  a  ruler.    Let  AB 
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be  the  line  to  which  a  parallel  is  to 
be  drawn,  and  0  the  point  through 
which  it  must  pass.  Place  one 
ade  of  the  triangle  against  the 
line,  and  place  the  ruler  agamst 
another  eide  of  the  triangle.  Hold 
the  ruler  firm  and  immovable,  and 
slide  the  triangle  along  it  till  the  side  of  the  triangle  which  had  coin- 
cided with  the  ^yen  line,  passes  through  the  given  point.  This 
ffide  will  then  be  parallel  to  that  given  line,  and  a  line  drawn  by 
it  will  be  the  line  required. 

Another  easy  method  of  drawing  parallels,  is  by  means  of  a  T 
square,  an  instrument  very  valuable  for  many  other  purposes.  It 
is  nothing  but  a  ruler  let  into  a  thicker  piece  of  wood,  very  truly 
at  right  angles  to  it.  For  this  use  of  it,  one  side  of  the  cross-piece 
must  be  even,  or  "  flush,'*  with  the  ruler.  To  use  it,  lay  it  on  the 
paper  so  that  one  edge  of  the 
ruler  coincides  with  the  given  line 
AB.  Place  another  ruler  against 
the  cross>piece,  hold  it  firm,  and 
slide  the  T  square  along,  till  its 
edge  passes  through  the  ^ven 
point  C,  as  shown  by  the  lower 
part  of  the  figure.  Then  draw 
by  this  edge  the  desired  line  paral- 
lel to  the  ^ven  line. 

(40)  Perpendleiilars.    These  may  be  drawn  by  the  various 
problems  pven  in  Geometry,  but  more  readily  by  a  triangle  which 


Fig.  14. 


^». 


has  one  right  angle.  Place  the  longest 
side  of  the  triangle  on  the  given  line, 
and  place  a  ruler  against  a  second  side 
of  the  triangle.  Hold  the  ruler  fast, 
and  turn  the  triangle  so  as  to  bring  its 
third  nde  against  the  ruler.  Then  will 
the  long  fflde  be  perpendicular  to  the 


Fig.  15. 
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^ven  line.  By  sliding  the  triangle  along  the  mler,  it  may  be 
used  to  draw  a  perpendicular  from  any  point  of  the  line,  or  fiom 
any  point  to  the  line. 

(41)  Angles*  These  are  most  eaaly  set  out  with  an  instru- 
ment called  a  Protractor,  usually  a  semi-circle  of  brass.  But  the 
description  of  its  use,  and  of  the  other  and  more  accurate  modes 
of  laying  off  angles,  will  be  postponed  till  they  are  needed  in  Part 
in,  Chapter  IV. 

(42)  Drawing  to  Scale*  The  operation  of  drawing  on  paper 
lines  whose  length  shall  be  a  half,  a  quarter,  a  tenth,  or  any  other 
fraction,  of  the  lines  measured  on  the  ground,  is  called  ^^  Drawing 
to  Scale." 

To  set  off  on  a  line  any  given  distance  to  any  required  scale, 
determine  the  nimiber  of  chains  or  links  which  each  division  of 
the  scale  of  equal  parts  shall  represent.  Divide  the  given  distance 
by  this  nimiber.  The  quotient  will  be  the  number  of  equal  parts 
to  be  taken  in  tiie  dividers  and  to  be  set  off. 

For  example,  suppose  the  scale  of  equal  parts  to  be  a  conunon 
carpenter's  rule,  divided  into  inches  and  eighths.  Let  the  ^ven 
distance  be  twelve  chains,  which  is  to  be  drawn  to  a  scale  of 
two  chains  to  an  inch.  Then  mx  inches  will  be  the  distance  to  be 
set  off.  If  the  given  distance  had  been  twelve  chains  and  seventy 
five  Unks,  the  distance  to  be  set  off  would  have  been  six  inches 
and  three-eighths,  since  each  eighth  of  an  inch  represents  25  links. 

If  the  desired  scale  were  three  chains  to  an  inch,  each 
eighth  of  an  inch  would  represent  87^  links ;  and  the  distance 
of  1275  links  would  be  represented  by  thirty-four  ei^ths  of  an  inch, 
or  ^\  inches. 

A  similar  process  will  ^ve  the  correct  length  to  be  set  off  for 
any  distance  to  any  scale. 

If  the  scale  used  had  been  divided  into  inches  and  tenths,  as  is 
much  the  most  convenient,  the  above  distances  would  have  become 
cm  the  former  scale  6y'^^^  inches,  or  nearly  6^  inches ;  and  on  the 
latter  scale  4^^/^  inches,  coming  midway  between  the  2d  and  8d 
tenth  of  an  mch. 
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(43)  Converidyy  to  find  the  real  length  of  a  Ime  dra^sm  on 
paper  to  any  known  scale,  reverse  the  preceding  operation.  Take 
the  length  of  the  line  in  the  dividers,  apply  it  to  the  scale,  and 
count  how  many  equal  parte  it  includes.  Multiply  their  number 
by  the  nnmber  of  chains  or  links  which  each  represents,  and  the 
product  will  be  the  desired  length  of  the  line  on  the  ground. 

This  operation  and  the  preceding  one  are  greatly  facilitated  by 
the  use  of  the  scales  to  be  described  in  Art.  (48) 

(44)  Scales*  The  choice  of  the  scale  to  which  a  plat  should  be 
drawn,  that  is,  how  many  times  smaller  its  lines  shall  be  than  those 
which  have  been  measured  on  the  ground,  is  determined  by  several 
considerations.  The  chief  one  is,  that  it  shall  be  just  large  enough 
to  express  clearly  all  the  details  which  it  is  desirable  to  know.  A 
Farm  Survey  would  require  its  plat  to  show  every  field  and  build- 
bg.  A  State  Survey  would  show  only  the  towns,  rivers,  and  lead- 
ing roads.  The  size  of  the  paper  at  hand  will  also  limit  the  scale 
to  be  adopted.  If  the  content  is  to  be  calculated  from  the  plat, 
that  will  forbid  it  to  be  less  than  3  chains  to  1  inch. 

Scales  are  named  in  various  ways.  They  should  always  he 
caressed  fraetianaUy;  i.  e.  they  should  be  so  named  as  to  indicate 
what  fractional  part  of  the  real  line  measured  on  the  ground,  the 
representative  line  drawn  on  the  paper,  actually  is.  When  custom 
requires  a  different  way  of  naming  the  scale,  both  should  be  given. 
It  would  be  still  better,  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  2  and  5,  such  as  -gi^^ 
nAnr5  -jirss^  tAttj  A^<5.  For  convenience  in  printing,  these  may  be 
written  thus :  1 :  500, 1 :  1000, 1 :  2000, 1 :  2500,  &c. 

Plats  of  Farm  Surveys  are  usually  named  as  being  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  States  are  generally  named  as  being  made 
(0  a  scale  of  so  many  miles  to  an  inch. 

Maps  of  BmUroad  Surveys  are  said  to  be  so  many  feet  to  an 
mch,  or  so  many  inches  to  a  mile. 

(45)  Farm  Snrveys*  If  these  are  of  small  extent,  two  chains 
to  one  mch  (which  is  =  .j^^^jis  =  :^  =  ^  •  1584)  is  convenient 
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A  scale  of  one  chain  to  one  inch  (1 :  792)  is  useful  for  plans  of  build 
ings.     Three  chains  to  one  inch  (1 :  2376)  is  suitable  for  larger 
farms.    It  is  the  scale  prescribed  by  the  English  Tithe  Commis- 
sioners for  their  first  class  maps. 

In  France,  the  Cadastre  Surveys  ai'e  lithographed  on  a  scale 
about  equivalent  to  this,  being  1 :  25U0.  The  original  plans  are 
drawn  to  a  scale  of  1:5000.  Plans  for  the  division  of  propcHy 
are  made  on  the  former  scale.  When  the  district  exceeds  8000 
acres,  the  scale  is  1 :  10,000.  When  it  exceeds  7,500  acres,  the 
scale  is  1 :  20,000.    A  common  scale  in  France  for  small  surreys 

is  ]  :  1000 ;  about  1^  chains  to  1  inch. 

•  Fig.  i«. 
OWE  ACRE 


02ar   SCALE    OF    1    CHAIN    TO    1 IMCK. 


The  choice  of  the  most  suitable  scale  for  the  plat  of  a  farm  siu 
vey,  may  be  facilitated  by  the  Figure  given  above,  which  shows 
the  actual  space  occupied  by  one  acre,  (the  customary  unit  of  land 
measure),  laid  out  in  the  form  of  a  square,  on  maps  drawn  to  the 


various  scales  named  in  the  ficrure. 
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(46)  State  8iir?eys»  On  these  surveys,  smaller  scales  are 
necessarily  employed. 

On  the  admirable  United  States  Coast  Survey,  all  the  scales 
are  expressed  firactionaUy  and  decimally.  ^'The  surveys  are 
generally  platted  originally  on  a  scale  of  one  to  ten  or  twenty  thou- 
sand, but  in  some  instances  the  scale  is  larger  or  smaller. 

These  ori^nal  surveys  are  reduced  for  engraving  and  publica- 
tion, and  when  issued,  are  embraced  in  three  general  classes.  1^, 
small  Harbor  charts ;  2^,  charts  of  Says,  Sounds,  and  8^,  of  the 
Coast  General  Charts. 

The  scales  of  the  first  class  vary  from  1 :  10,000  to  1 :  60,000, 
according  to  the  nature  of  the  Harbor  and  the  different  objects  to 
be  represented. 

Where  there  are  many  shoals,  rocks,  or  other  objects,  as  in 
Nantucket  Harbor  and  Hell-Gate,  or  where  the  importance  of  the 
harbor  makes  it  necessary,  a  larger  scale  of  1 : 5,000, 1 :  10,000, 
and  1:20,000  is  used.  But  where,  from  the  size  of  the  harbor, 
or  its  ease  of  access,  a  smaller  one  will  point  out  every  danger  with 
suflBcient  exactness,  the  scales  of  1:40,000  and  1:60,000  are 
used,  afi  in  the  case  of  New-Bedford  Harbor,  Cat  and  Ship  Island 
Harbor,  New-Haven,  &c. 

The  scale  of  the  second  class,  in  consequence  of  the  large  areas 
to  be  represented,  is  usually  fixed  at  1 :  80,000,  as  in  the  case  of 
New-York  Bay,  Delaware  Bay  and  River.  Preliminary  charts, 
however,  are  issued,  of  various  scales  from  1 :  80,000  to  1 :  200,000. 

Of  the  third  class,  the  scale  is  fixed  at  1:400,000,  for  the 
General  Chart  of  the  Coast  from  Gay  Head  to  Cape  Henlopen, 
although  considerations  of  the  proximity  and  importance  of  points 
on  the  coast,  may  change  the  scales  of  charts  of  other  portions  of 
ear  extended  coast."* 

The  National  Survey  of  Qreat  Britain  is  called,  from  the  corps 
employed  on  it,  the  "  Ordnance  Survey." 

The  "  Ordnance  Survey"  of  the  southern  counties  of  England 
was  platted  on  a  scale  of  2  inches  to  1  mile,  (1:31,680),  and 
reduced  for  publication  to  that  of  one  inch  to  a  mile,  (1 :  68,860). 
The  scale  of  6  inches  to  a  mile  (1 :  10,560)  was  adopted  for  the 

•  Coinniuriicoted  from  the  V.  S.  Coast  Survey  ofBce. 
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northern  counties  of  England  and  for  the  southern  counties  of  Scot- 
land. The  same  scale  was  employed  for  platting  and  engraying  in 
outline  the  ^'  Ordnance  Survey"  of  Ireland.  But  a  map  on  a 
scale  of  1  inch  to  1  mile  (1 :  68,360)  is  about  to  be  published,  the 
former  scale  rendering  the  maps  too  unwieldy  and  cumbrous  for 
consultation. 

The  Ordnance  Survey  of  Scotland  was  at  first  platted  on  a  scale 
of  six  inches  to  one  mile,  (1 :  10,560).  That  scale  has  since  been 
abandoned,  and  it  is  now  platted  on  a  scale  of  two  inches  to  1  mile, 
(1 :  81,680),  and  the  general  maps  are  made  to  only  half  that  scale. 

The  Ordnance  Survey  scale  for  the  maps  of  London  and  other 
large  towns,  is  5  feet  to  1  mile,  (1 :  1056),  or  1^  chains  to  one  inch. 

In  the  ^'  Surveys  under  the  Public  Health  act''  of  England, 
the  scale  for  the  general  plan  is  two  feet  to  one  mile,  (1 : 2,640)  ; 
and  for  the  detailed  plan,  ten  feet  per  mile,  (1 :  528),  or  two-thirds 
of  a  chain  per  inch. 

The  Government  Survey  of  France  is  platted  to  a  scale  of 
1:20,000.  Copies  are  made  to  1:40,000;  and  the  maps  are 
engraved  to  a  scale  of  1 :  80,000,  or  about  |  inch  to  1  mile. 

Cassini's  famous  map  of  France  was  on  a  scale  of  1 :  86,400. 

The  French  War  Department  employ  the  scales  of  1 :  10,000 ; 

1:20,000;  1:40,000;  and  1:80,000;  for  the  topography  of 
France. 

(47)  Rail-road  SurTeys,  For  these  the  New-York  General 
Rail-road  Law  of  1850  directs  the  scale  of  maps  which  are  to  be 
filed  in  the  State  Engineer's  OflSce,  to  be  five  himdred  feet  to  one- 
tenth  of  a  foot,  (=  1 :  5000.) 

For  the  New-York  Canal  Maps  a  scale  of  2  chains  to  1  inch 
(1 :  1584)  is  employed. 

The  Parliamentary  '^  standing  orders"  prescribe  the  plans  of 
Kail-roads,  prepared  for  Parliamentary  purposes,  to  be  made  on  a 
scale  of  not  less  than  4  inches  to  the  mile,  (1 :  15840)  :  and  the 
enlarged  portions  (as  of  gardens,  court-yards,  &c.)  to  be  on  a  scale 
not  smaller  than  400  feet  to  the  inch,  (1 :  4800.)  Accordingly 
ihe  practice  of  English  Railway  Engineers  is  to  draw  the  whole 
plan  to  a  scale  of  6  chains,  or  396  feet  to  the  inch,  (1 :  4752)  as 
being  just  within  the  Parliamentary  linuts. 
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Iq  France,  the  En^eers  of  ^^  Bridges  aad  Boads"  (Corps  dee 
Fonts  et  Chaussees)  employ  for  the  general  plan  of  a  road  a  scale 
of  1 :  5000,  and  for  appropriations  1 :  500. 

(48)  In  the  United  States  Engineer  service,  the  following  scaloE 
are  prescribed : 

General  plans  of  buildings,  1  inch  to  10  feet,  (1 ;  120). 

3Capfl  of  ground,  with  horizontal  carves  one  foot  apait,  1  inch  to  50  feet,  (1 :6U0  ^ 

Topographical  maps,  one  mile  and  a  half  sqaare,  2  feet  to  one  mile,  (1 : 2,640). 

Do.  comprising  three  miles  square,  1  foot  to  one  mile,  (1:5,280). 

Do.  between  four  and  eight  miles  square,  6  inches  to  one  mile.  ( 1 :  10,560). 

Do.  comprising  nine  miles  square,  4  inches  to  one  mile,  (1 :  15,840). 

Maps  not  exceeding  24  miles  square,  2  inches  to  one  mile,  (1 :  31,680). 

Maps  comprising  50  miles  square,  1  inch  to  one  mile,  (1 :  63,360). 

Maps  comprising  100  miles  square,  i  inch  to  one  mile,  (1 ;  126,720.) 

Surveys  of  Roads,  Canals,  &c.,  1  inch  to  50  feet,  (1 :  600). 

(49)  The  most  convenient  scales  of  equal  parts  are  those  of  box- 
wood, or  ivory,  which  have  a  fiducial  or  feather  edge,  along  which 
thej  are  divided,  so  that  distances  can  be  at  once  marked  off  from 
this  edge,  without  requiring  to  be  taken  off  with  the  dividers ;  or 
the  length  of  a  ^ven  line  can  be  at  once  read  off.  Box-wood  is 
preferable  to  ivory  as  much  less  liable  to  warp,  or  to  vary  in  length 
with  changes  in  the  moisture  in  the  air. 

The  student  can,  however,  make  for  himself  platting  scales  ol 
drawing  paper,  or  Bristol  board.  Cut  a  straight  strip  of  this  mate- 
rial, about  an  inch  wide.    Draw  a  line  through  its  middle,  and  set 


Fig.  17. 
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off  on  it  a  number  of  equal  parts,  each  representing  a  chain  to  the 
desired  scale.  Sub-divide  the  left  hand  division  into  ten  equal 
parts,  each  of  which  will  therefore  represent  ten  links  to  this  scale. 
Through  each  point  of  division  on  the  central  line,  draw  (with 
the  T  square)  perpendiculars  extending  to  the  edges,  and  the 
scale  IS  made.  It  explains  itself.  The  above  figure  is  a  scale  of 
2  chains  to  1  inch.     On  it  the  distance  220  links  would  extend 
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between  the  arrow-heads  above  the  line  in  the  figure ;  560  links 
extends  between  the  lower  arrow-heads,  &c. 

A  paper  scale  has  the  great  advantage  of  varying  less  from 
a  plat  which  has  been  made  bj  it,  in  consequence  of  changes 
in  the  weather,  than  any  other.  The  mean  of  many  trials 
ihowed  the  difference  between  such  a  scale  and  drawing  paper, 
when  exposed  alternately  to  the  damp  open  atmosphere,  and  to  the 
air  of  a  warm  dry  room,  to  be  equal  to  .005,  while  that  between 
box-wood  scales  and  the  paper  was  .012,  or  nearly  2^  times  aa 
much.     The  difference  with  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting  scales  are  here  ^ven  in 
tlieir  actual  dimensions. 

In  these  five  figures,  different  methods  of  drawing  the  scales 
have  been  given,  but  each  method  may  be  applied  to  any  scale. 
The  first  and  second,  being  the  most  simple,  are  generally  the  best. 
In  the  third  the  subdivisions  are  made  by  a  diagonal  line :  the 
distances  between  the  various  pairs  of  arrow  heads,  beginning  with 
the  uppermost,  are,  respectively,  310,  540,  and  270  links. 

Fig.  18.     ScaU  of  1  chain  to  1  inch. 
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Fig.  20.     Sealt  of  3  chains  to  1 
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In  the  fourth  figure  the  distances  between  the  arrow  heads  are 
apectively  810,  270,  and  540  linVs. 

Fig.  21.     Scale  of  4  chains  to  1  inch 
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In  the  fiflh  figure  die  scale  of  5  chains  to  1  inch  is  subdivided 
diagonallj  to  only  every  quarter  chain,  or  25  links.  The  distance 
between  the  upper  pair  of  arrow-heads  on  it  is  12^  chains,  or  12.25 ; 
between  the  next  pair  of  arrow-heads,  it  is  6.50 ;  and  between  the 
lower  pair,  14.75. 

Fig.  22.    Scale  of  5  €haim9  to  1  inch. 
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A  diagonal  scale  for  dividing  an  inch,  or  a  half  inch,  into  100 
equal  parts,  is  found  on  the  ^^  Plain  scale"  in  every  case  o{  instru- 
ments. 


(M)  Tender  Scale.  This  is  an  ingenious  substitute  for  the 
diagonal  scale.  The  one  given  in  the  following  figure  divides  an 
inch  into  100  equal  parts,  and  if  each  inch  be  supposed  to  represent 
a  chain,  it  gives  single  links. 
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Make  a  scale  of  an  inch  divided  into  tenths,  as  in  the  upper 
scale  of  the  above  figure.  Take  in  the  dividers  eleven  of  these 
divisions,  and  set  off  this  distance  from  the  0  of  the  scale  to  the 
left  of  it.  Divide  the  distance  thus  set  off  into  10  equal  parts. 
Each  of  them  will  be  one  tenth  of  eleven  tenths  of  one  inch ;  i.  e. 
eleven  hundredths,  or  a  tenth  and  a  hundredth,  ajid  the  first  di- 
vision on  the  short,  or  vernier  scale,  will  overlap,  or  be  longer  than 
Hie  first  division  on  the  long  scale,  by  just  one  hundredth  of  an 
inch ;  the  second  division  will  overlap  two  hundredths,  and  so  on. 
The  principle  will  be  more  fiilly  developed  in  treating  of"  Verniers," 
Part  IV,  Chapter  II. 

Now  suppose  we  wish  to  take  off  from  this  scale  275  hundredths 
of  an  inch.  To  get  the  last  figure,  we  must  take  five  divisions  on 
the  lower  scale,  which  will  be  55  hundredths,  for  the  reason  just 
pven.     220  will  remain  which  are  to  be  taken  from  the  upper 
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scale,  and  die  entire  number  will  be  obtained  at  once  by  extending 
tihe  dividers  between  the  arrow-heads  in  the  figure  from  220  on  the 
upper  scale  (measuring  along  its  lower  side)  to  65  on  the  lower  scale, 
254  would  extend  firom  210  on  the  upper  scale  to  44  on  the  lower. 
818  would  extend  from  230  on  the  upper  scale  to  88  on  the  lower. 
Always  be^  then  with  subtracting  11  times  the  last  figure  firom 
the  ^yen  number ;  find  the  remainders  on  the  upper  scale,  and 
the  number  subtracted  on  the  lower  scale. 


(51)  A  plat  is  sometimes  made  bj  a  ncminallj  reduced  scale 
m  the  fi>llowing  manner.  Suppose  that  the  scale  of  the  plat  is  to 
be  ten  chains  to  one  inch,  and  that  a  diagonal  scale  of  inches,  divided 
mto  tenths  and  hundredths,  is  the  only  one  at  hand.  By  dividing 
all  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  is  measured  &om  the  plat 
to  the  same  scale,  in  the  manner  explained  in  the  next  chapter,  the 
result  must  be  multiplied  by  10  times  10.  This  is  called  by  old 
Surveyors  ^^  Raising  the  scale,"  or  ^^  Restoring  true  measure." 

(52)  Sectoral  Scales*  The  Sector,  (called  by  the  French 
<<  Compass  of  Proportion"),  is  an  instrument  sometimes  convenient 
for  obtaining  a  scale  of  equal  parts.  It  is  in  two  portions,  turning 
on  a  lunge,  like  a  carpenter's  pocEet  rule.  It  contains. a  great 
number  of  scales,  but  the  one  intended  for  this  use  is  lettered  at  its 
ends  L  in  English  instruments,  and  consists  of  two^  lines  running 
from  the  centre  to  the  ends  of  the  scale,  and  each  divided  into  ten 
equal  parts,  each  of  which  is  again  subdivided  into  10,  so  that  each 
leg  of  the  scale  contains  100  ^'^s-  ^^' 
equal  parts.  To  illustrate 
its  use,  suppose  that  a  scale 
of  7  chains  to  1  inch  is  re- 
quired. Take  1  mch  in  the  >^^^^^:^^^^^^^^^^^  I  Bi 
dividers,  and  open  the  sec- 
tor till  this  distance  will  just 
reach  fi*om  the  7  on  one  leg 
to  the  7  on  the  other.  The 
sector  is  then  ^<  «ee"  for  this 
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Bcale,  and  the  angle  of  its  opening  must  not  be  again  chaLged. 
Now  let  a  distance  of  580  links  be  required.  Open  the  dividers 
till  they  reach  from  58  to  58  on  the  two  legs,  as  in  the  dotted  line 
m  the  figure,  and  it  is  the  required  distance.  Again,  suppose  that 
a  scale  of  2^  chaini^  to  one  inch  is  desired.  Open  the  sector  so 
ttiat  1  inch  shaQ  extend  from  25  to  25.  Any  odier  scale  may  be 
obtained  in  the  same  manner. 

Conversely,  the  length  of  any  known  line  to  any  desired  scale 
eaa  thus  be  readily  determmed. 

(5S)  Whatever  scale  may  be  adopted  for  platting  the  survey,  it 
should  be  drawn  on  the  map,  both  for  convenience  of  reference, 
and  in  order  that  the  contraction  and  expansion,  caused  by  changes 
in  the  quantity  of  moisture  in  the  atmosphere,  may  affect  the  scale 
and  the  map  alike.  When  the  drawing  paper  has  been  wet  and 
^ued  to  a  board,  and  cut  off  when  the  map  is  completed,  its  con- 
tractions  have  been  found  by  many  observations  to  average  from 
one-fourth  to  one-half  per  cent,  on  a  scale  of  8  chains  to  an  inch, 
(1:2376),  which  would  therefore  require  an  allowance  of  from 
one-half  perch  to  one  perch  per  acre. 

A  scale  made  as  directed  in  Art.  (49)9  if  used  to  make  a  plat 
on  unstretched  paper,  and  then  kept  with  the  plat,  will  answer 
nearly  the  same  purpose. 

Such  a  scale  may  be  attached  to  a  map,  by  slipping  it  through 
two  or  three  cuts  in  the  lower  part  of  the  sheet,  and  will  be  a  very 
convenient  substitute  for  a  pair  of  dividers  in  measuring  any  dis* 
tance  upon  it. 

(54)  Scale  omitted*  It  may  be  required  to  find  the  unknown 
scale  to  which  a  ^ven  map  has  been  drawn,  its  superficial  content 
being  known.  Assume  any  convenient  scale,  measure  the  lines 
of  the  map  by  it,  and  find  the  content  by  the  methods  to  be  given 
in  the  next  chapter,  proceeding  as  if  the  assumed  scale  were  the 
true  one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  as  the  squares  of  their 
OQrresponding  sides :  As  the  content  found  2a  to  the  given  content 
&>  «•  tiie  square  of  the  assumed  scale  To  the  square  of  the  true  scale. 
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CHAPTER  IV 

CALCPLATINC  THE  CONTENT. 

(55)  The  Content  of  a  piece  of  ground  is  Its  superficial  area^ 
or  ilie  number  of  square  feet,  yards,  acres,  or  miles  which  it 
contains. 


(56)  Horizontal  Measarement.  All  ground,  however  inclmed 
or  uneven  its  surface  may  be,  should  be  measured  horizontallj,  or 
as  if  brought  down  to  a  horizontal  plane,  so  that  the  surface  of  a 
hill,  thus  measured,  would  give  the  same  content  as  the  level  base 
on  which  it  may  be  supposed  to  stand,  or  as  the  figure  which  would 
be  formed  on  a  level  surface  beneath  it  by  dropping  plumb  lines 
from  every  point  of  it. 

This  method  of  procedure  is  required  for  both  Geometrical  and 
Social  reasons. 

Gf-eometrioaUt/y  it  is  plain  that  this  horizontal  measurement  is 
absolutely  necessary  for  the  purpose  of  obtaining  a  correct  plat. 
In  Rg.  25,  let  ABCD,  and  BCEF, 
be  two  square  lots  of  ground,  platted 
horizontally.  Suppose  the  ground  to 
slope  in  all  directions  from  the  point 
C,  which  is  the  summit  of  a  hill. 
Then  the  lines  BG,  DC,  measured  on 
the  slopb,  are  longer  than  if  measur- 
ed on  a  level,  and  the  field  ABCD, 
of  Fig.  25,  platted  with  these  long 
lines,  would  take  the  shape  AB6D 
in  Fig.  26 ;  and  the  field  BCEF, 
of  Fig.  25,  would  become  BHEF  of 
Fig.  26.  The  two  adjoining  fields  would  thus  overlap  each  other ; 
and  the  same  difficulty  would  occur  in  every  case  of  platting  ix^.j 
two  adjoining  fields  by  the  measurements  made  on  the  slope. 
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Fig.  27. 


Fig.  26. 


Let  us  suppose  another  case, 
more  simple  than  would  ever  oc- 
cur in  practice,  that  of  a  three- 
sided  field,  of  equal  sides  and 
composed  of  three  portions  each 
dopng  down  uniformly,  (at  the 
rate  of  one  to  one)  from  one  point  in  the  centre,  as  in  Hg.  27. 
Each  slope  being  accurately  platted,  the  three  could  not  come 
together,  but  would  be  separated  as  in  Fig.  28. 

We  have  here  taken  the  most  simple  cases,  those  of  uniform 
slopes.  But  with  the  common  irregularities  of  uneven  ground,  to 
measure  its  actual  surface  would  not  only  be  improper,  but  impos- 
mble. 

In  the  Social  aspect  of  this'question,  the  horizontal  measurement 
is  justified  by  the  fact  thatoio  more  houses  can  be  built  on  a  hill 
than  could  be  built  on  its  fiat  base ;  and  that  no  more  trees,  com, 
or  other  plants,  which  shoot  up  vertically,  can  grow  on  it;  as  is 
represented  by  the  vertical  lines  in  the  Fig.  29. 

Rgure.*  Even  if  a  side  hill  should  pro- 
duce more  of  certain  creeping  plants,  the 
increased  difficulty  in  their  cultivation  might  perhaps  balance  this. 
For  tills  reason  the  surface  of  the  soil  thus  measured  is  sometimes 
called  the  productive  base  of  the  ground. 

Again,  a  piece  of  land  containing  a  hill  and  a  hollow,  if  measiu*ed 
on  the  surface  would  give  a  larger  content  than  it  would  after  the 
hollow  hai  been  filled  up  by  the  hill,  while  it  would  yet  really  he 
of  greate  *  value  than  before. 

Horizontal  measurement  is  called  the  '^  Method  of  Cultellation,'* 
and  Superficial  measurement,  the  "  Method  of  Developement."f 

An  act  of  the  State  of  New-Tork  prescribes  that  '^  The  acre,  for 
land  measure,  shall  be  measured  horizontallv-" 

*  This  qaestion  is  more  than  two  thousand  years  old,  for  Folybius  writes, 
'Some  even  of  those  who  are  employed  in  the  administration  of  states,  or  placed 
Bt  the  head  of  armies,  imagine  that  unequal  and  hilly  ground  will  contain  more 
boaset  than  a  surface  which  is  flat  and  level.  This,  however,  is  not  the  truth. 
For  the  houses  being  raised  in  a  vertical  line,  form  right  angles,  not  with  the  de- 
clivity of  the  ground,  but  with  the  flat  surface  which  lies  below,  and  upon  which 
die  hills  themselves  also  stand.'' 

t  The  former  from  CuHellum,  a  knife,  as  if  the  hills  were  sliced  ofi";  the  lattec 
ao  named  because  it  strips  off  or  unfolds,  as  it  were,  the  surface. 
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(57)  Unit  of  Contenti  The  Acie  is  the  unit  of  land-measure 
ment.  It  contains  4  Boods.  A  Hood  contains  40  Perches.  A 
Pereh  is  a  square  Rod ;  otherwise  called  a  Perch,  or  Polo.  A 
Bod  is  5^  yards,  or  16^  feet. 

Hence,  1  acre  =  4  Roods  =  160  Perches  =  4,840  square 
jards  =  43,560  square  feet. 

One  square  mile  =  5280  X  5280  feet  =  640  acres. 

Since  a  chain  is  66  feet  long,  a  square  chain  contains  4356 
square  feet ;  and  consequentlj  ten  square  chains  make  one  acre* 

In  drflferent  parts  of  England,  the  acre  varies  greatlj.  The 
statute  acre,  as  in  the  United  States,  contains  160  square  perches 
of  16^  feet,  or  43,560  square  feet.  The  acre  of  Devonshire  and 
Somersetshire,  contains  160  perches  of  15  feet,  or  36,000  square 
feet.  The  acre  of  Cornwall  is  160  perches  of  18  feet,  or  51,840 
square  feet.  The  acre  of  Lancashire  is  160  perches  of  21  feet,  or 
70,560  square  feet.  The  acre  of  Cheshire  and  Staffordshire,  is 
160  perches  of  24  feet,  or  92,160  square  feet.  The  acre  of  Wilt- 
shire is  120  perches  of  16^  feet,  or  82,670  square  feet.  The  acre 
in  Scotland  consists  of  10  square  chains,  each  of  74  feet,  and  there- 
fore contains  54,760  square  feet.  Qlie  acre  in  Ireland  is  the 
same  as  the  Lancashire.    The  chain  is  84  feet  long. 

The  French  units  of  land-measure  are  the  Are  =100  square 
Metres^  =0.0247  acre,  =  one  fortieth  of  an  acre,  nearly ;  and  the 
Hectare  s=  100  Ares  =  2.47  acres,  or  nearly  two  and  a  half. 
Their  old  land-measures  were  the  ^^  Arpent  of  Paris,"  containing 
36,800  square  feet ;  and  the  "  Arpent  of  Waters  and  Woods/' 
containing  55,000  square  fee ^. 

(58)  When  the  content  of  a  piece  of  land  (obtained  by  any  of 
the  methods  to  be  explained  presently)  is  ^ven  m  square  Unks,  an 
is  customary,  cut  off  four  figures  on  the  right,  (i.  e.  divide  by 
10,000),  to  get  it  into  square  chains  and  decimal  parts  of  a  chain ; 
cut  off  the  right  hand  figure  of  the  square  chains,  and  the  remain- 
ing figures  will  be  Acres.  Multiply  the  remainder  by  4,  and  the 
figure,  if  any,  outside  of  the  new  decimal  point  will  be  Hoods. 

•  Let  tlie  yoKXig  stadenl  beware  of  confoanding  IC  square  chains   with  10 
chaiufl  square.    The  former  make  one  acre ;  the  latter  spnce  contains  ten  acres 
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Multiply  the  remainder  by  40,  and  the  outside  figures  iirill  be 
Perehe9.    The  nearest  round  number  is  usually  taken  for  the 
Pezches ;  fractions  less  than  a  half  perch  being  disregarded.* 
Thus,  86.22  square  chains  =  8  Acres  2  Boods  20  Perches. 


Also,  64.1818 

do. 

—  6  A. 

IR. 

27  P. 

"     48.7564 

do. 

=  4  A. 

IR. 

20  P. 

*'     71.1056 

do. 

=  7  A. 

OR. 

18  P. 

"     82.50 

do. 

—  8  A. 

IR. 

OP. 

«       8.250 

do. 

=  0A. 

8R. 

12  P. 

«       0.8250 

do. 

—  OA. 

OR. 

ISP. 

(59)  The  following  Table  ^ves  by  mere  inspection  the  Boods 
and  Perches  corresponding  to  the  Decimal  parts  of  an  Acre.  It 
explains  itself. 


B0OD8. 

h 

0  1  1      2  1  8 

Perches. 

.000 

.260 

.600 

.750 

+  0 

.006 

.256 

.506 

.766 

+  1 

.012 

.262 

.512 

.762 

+  2 

1 
1 

.019 

.269 

.519 

.769 

+  8 

I 

1 

.025 

.275 

.525 

.776 

+  4 

• 

.031 

.281 

.581 

.781 

+  6 

.087 

.287 

.637 

.787 

+  6 

1  e 

• 
1  c 

.044 

.294 

.644 

.794 

+  7 

IS 

.050 

.800 

.560 

.800 

+  8 

.056 

.806 

.566 

.806 

+  9 

1 

.062 

.812 

.662 

.812 

+10 

tp   1 

.069 

.819 

.569 

.819 

+11 

n 

.076 

.826 

.675 

.825 

+12 

>..« 
'g 

.081 

.831 

.681 

.881 

+13 

P 

.087 

.887 

.687 

.837 

+14 

» 

.094 

.344 

.694 

.844 

.+16 

i 

.100 

.850 

.600 

.850 

+16 

\ 

.106 

.356 

.606 

.856 

+17 

• 

.112 

.862 

.612 

.862 

+18 

1 

• 

.119 

.869 

.619 

.869 

+19 

.126 

.875 

.625 

.875 

+20 

c 

1 

es 

E 

ROODS. 

Perches. 

0  1   1   1  2       8 

.131 
.187 
.144 
.150 
.156 
.162 
.169 
.175 
.181 
.187 
.194 
.200 
.206 
.212 
.219 
.226 
.281 
.237 
.244 
.260 

.881 
.887 
.894 
.400 
.406 
.412 
.419 
.426 
.481 
.437 
.444 
.450 
.456 
.462 
.469 
.475 
.481 
.487 
.494 
.600 

.631 
.637 
.644 
.650 
.656 
.662 
.669 
.675 
.681 
.687 
.694 
.700 
.706 
.712 
.719 
.726 
.731 
.737 
.744 
.760 

.881 
.887 
.894 
.900 
.906 
.912 
.919 
.925 
.931 
.937 
.944 
.950 
.956 
.962 
.969 
.975 
.981 
.987 
.994 
1.000 

+21 
+22 
+23 
+24 
+26 
+26 
+27 
+28 
+29 
+80 
+81 
+32 
+88 
+84 
+36 
+86 
+37 
+38 
+89 

*1 

(M)  Ckafai  Correction*  When  a  survey  has  been  made,  and 
die  plat  has  been  drawn,  and  the  content  calculated ;  and  after- 

*  To  rednoe  square  yards  to  acrei,  instead  of  diyiding  by  4S40,  it  is  easier,  and 
veiy  nearly  correct,  to  mttUiply  by  2,  cut  off  four  figures,  and  add  to  this  product 
m»>thini  of  one-tenth  of  itself. 
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• 

vrards  the  chain  is  found  to  have  been  incorrect,  too  short  or  too 
long,  the  true  content  of  the  land,  may  be  found  by  this  proportion : 
As  the  square  of  the  length  of  the  standard  given  by  the  incorrect 
chun  I9  to  the  square  of  the  true  length  of  the  standard  So  is  the  cal- 
culated content  To  the  true  content.  Thus,  suppose  that  the  chain 
used  had  been  so  stretched  that  the  standard  distance  measured  by 
it  appeai*s  to  be  only  99  links  long ;  and  that  a  square  field  had 
been  measured  by  it,  each  side  containing  10  of  these  long  chains* 
and  that  it  had  been  so  platted.  This  plat,  and  therefore  the  con 
tent  calculated  from  it,  will  be  smaller  than  it  should  be,  and  the 
correctcontent  will  be  found  by  the  proportion  992  :  100^  :  :  100 
sq.  chains  :  102.03  square  chains.  K  the  chain  had  been 
stretched  so  as  to  be  101  true  links  long,  as  found  by  comparing 
it  with  a  correct  cham,  the  content  would  be  ^ven  by  this  propor- 
tion: 100^  :  101^  : :  100  square  chains  :  102.01  square  chains. 
In  the  former  case,  the  elongation  of  the  chain  was  1^^^  true  links ; 
and  100^  :  (101^)'  : :  100  square  chains  :  102.03  square 
chains. 

(61)  Boundary  Lines*  The  lines  which  are  to  be  considered 
as  bounding  the  land  to  be  surveyed,  are  often  very  uncertain, 
unless  specified  by  the  titie  deeds. 

If  the  boundary  be  a  brook,  the  middle  of  it  is  usually  the  boun- 
daiy  line.  On  tide-waters,  the  land  is  usually  considered  to  extend 
to  low  water  mark. 

Where  hedges  and  ditches  are  the  boundaries  of  fields,  as  is 
almost  imiversally  the  case  in  England,  the  dividing  line  is  gene- 
rally the  top  edge  of  the  ditch  farthest  from  the  hedge,  both  hedge 
and  ditch  belonging  to  the  field  on  the  hedge  side.  This  varies, 
however,  with  the  customs  of  the  locality.  From  three  to  six  feet 
from  the  roots  of  the  quickwood  of  the  hedges  are  allowed  for  tiio 
ditches 
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METHODS   OF  CALCULATION. 

(62)  The  yarions  methodB  employed  in  calculating  the  content 
rf  a  jnece  of  ground^  may  be  reduced  to  four,  which  may  be  called 
Aritkmetic(d^  Creometriccdy  Instrwmentaly  and  Trigonometirical. 

(63)  FIRST  METHOD.— ARITHinETICALLT.  From  c^est 
fneastirements  of  the  necesiary  lines  on  the  ground. 

The  figures  to  be  calculated  by  this  method  may  be  either  the 
shapes  of  the  fields  which  are  measured,  or  those  into  which  tihe 
fields  can  be  divided  by  measuring  various  lines  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures  which 
occur  in  practice,  will  be  now  briefly  enunciated, 

(64)  Rectangles.  If  l^e  piece  of  ground  be  rectangular  in 
shape,  its  content  is  found  by  multiplying  its  length  by  its  breadth. 

(65)  Trianf^Ies.  When  the  given  quantities  are  one  side  of  a 
triangle  and  the  perpendicular  distance  to  it  from  the  oppofflte 
angle ;  the  content  of  the  triangle  is  equal  to  half  the  product  of 
&e  side  and  the  perpendicular. 

When  the  given  quantities  are  the  three  sides  of  the  triangle ; 
add  together  the  three  sides  and  divide  the  sum  by  2 ;  from  this 
half  sum  subtract  each  of  the  three  sides  in  turn ;  multiply  together 
the  half  sum  and  the  three  remainders ;  take  the  square  root  of  the 
product ;  it  is  the  content  required.  If  the  sides  of  the  triangle 
be  designated  by  a,  5,  Cy  and  their  sum  by  9,  this  rule  will  ^ve  its 


•  When  two  rides  of  a  ti-iangle,  ond  the  included 
ttn^le  are  given,  its  content  equals  half  the  product 
cf  Its  sides  into  tbe  sine  of  the  included  angle.  De- 
iignatiog  the  angles  of  the  triangle  by  tbe  capital 
letters  A,B*0,  and  the  sides  opposite  them  by  the  oor- 
mponding  small  letters  a,b,e,  the  area  ^  k  be  sin.  A.        _      

When  one  side  of  a  triangle  and  the  adjacent  an-  J^ 

gles  are  given,  its  content  eqaals  the  square  of  tbe  given  side  multiplied  by  the 
■ines  of  each  of  tbe  given  angles,  and  divided  by  twice  the  sine  of  the  sum  ai 

these  angles.    Using  the  same  symbols  as  before,  the  area  asa^  arin.  CB4-'0 

When  the  three  angles  of  a  triangle  and  its  altitude  are  given,  its  area,  refen'ing 

till.  B 
ID  the  above  figure,  =  *  BD2  .  ^^^.111.0' 
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(M)  Parallelograns ;  or  four-cdded  figures  Tvhose  opposite 
sides  are  parallel.  The  content  of  a  Parallelogram  equals  the 
product  of  one  of  :ts  sides  by  the  perpendicular  distance  between  it 
and  the  side  parallel  to  it. 

(67)  Trajiezolds ;  or  four-sided  figunes,  tiro  opposite  sides  of 
which  are  parallel.  The  content  of  a  Trapezoid  equals  half  the 
product  of  the  sum  of  the  parallel  sides  by  the  perpendicular  dis- 
tance between  them. 

If  the  given  quantities  are  the  four  aides  a,  b,  e^  d,  of  which  b 
and  d  are  parallel ;  then,  making  qr=^^(^a  +  b  +  c — d)^  Hie  area 

of  the  trapezoid  will  =  --i--\/[j( J — a)  (j — <?)  (y — b  +  d).!* 

b  —  a 

(68)  (t^adrilateralS)  or  Trapeziums ;  four-sided  figures,  none 
of  whose  sides  are  parallel. 

A  tery  gross  error,  often  committed  as  to  this  figure,  is  to  take 
the  average,  or  half  sum  of  its  opposite  sides,  and  multiply  them 
together  for  the  area :  thus,  assuming  the  trapesdum  to  be  equiva- 
lent to  a  rectangle  with  these  averages  for  sides. 

In  practical  surveying,  it  is  usual  to  measure  a  line  across  it 
from  comer  to  comer,  thus  dividing  it  into  two  triangles,  whose 
sides  are  known,  and  which  can  therefore  be  calculated  by  Art.  (65). f 

*  When  two  parallel  sides,^  b  and  d,  and  a  third  side,  a,  are  ^ven,  and  alio  the 
angle,  C,  which  this  third  side  makes  with  one  of  the  parallel  sides,  then  the 

content  of  the  trapezoid^..!. .  a .  sin.  C 

t  When  two  opponie  ddeg,  and  all  the  angles  are  gtoen^  take  one  side  and  its  ad- 
jacent angles,  (or  their  supplements,  when  their  sam  exceeds  180**),  consider 
them  as  Belonging  to  a  triangle,  and  6nd  its  area  by  the  second  formula  in  tht 
note  on  page  43.  Do  the  same  with  the  other  side  and  its  adjacent  angles.  The 
difference  of  the  two  areas  will  be  the  area  of  the  quadrilateral. 

When  three  ndet  and  thekrttoo  included  anglet  are  given,  multiply  together  the  sine 
of  one  given  ansle  and  its  adjacent  sides.    Do  the  same  with  the  sine  of  the  other 

given  angle  and  its  adjacent  sides.  Multiply  together  the  two  opposite  sides  and 
le  sine  of  the  supplement  of  the  sum  of  the  given  angles.  Add  tog;ether  the  first 
two  products,  and  add  also  the  last  product,  if  the  sum  of  the  given  angles  ie 
more  than  180^  or  subtract  it  if  this  sum  be  less,  and  take  half  the  result  Calt 
ing  the  given  siaes,  Piq,r;  and  the  angle  between  o  and  ^  ■■  A  ;  and  the  angle 
between  a  and  r  es  B  ;  the  area  of  the  quadrilateral 

M  I  [}> .  ^  sin.  A  +  9 .  r .  sin.  B  :t  jy .  r  sin.  f  ISO®  —  A  —  B)]. 
When  the  four  eidet  awd  the  turn  of  any  two  oppotUe  anglet  are  ftoM,  proceed 
thus :  Take  half  the  sum  of  the  four  given  sides,  and  fi-om  it  subtract  each  8id« 
in  turn  Multiply  together  the  four  remainders,  and  reserve  the  product  Mul* 
tiplj  together  the  four  sides.  Take  half  their  product,  and  multiply  it  by  the 
ioaine  of  tae  given  sum  of  the  angles  increased  b^  unity.     Regard  the  sign  ol 
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(M)  SuffaceB  botmded  by  irregularly  curved  lines.  The  mleB 
for  these  will  be  more  appropriately  ^ven  in  coimeciion  with  the 
iorveys  which  measure  the  necessary  lines ;  as  ezplamed  in  Part 

n,  Chap.  m. 

(70)  SECOND  METHOD.— GEOMEIRICALLT.  From  mea^ 
mirements  of  the  necessary  lines  upon  the  plat. 

(71)  DlYislon  Into  TriaBgrles.  The  plat  of  a  piece  of  ground 
haying  been  drawn  firom  the  measurements  made  by  any  of  the 
methods  which  will  be  hereafter  explained,  lines  may  be  drawn 
upon  the  plat  so  as  to  diyide  it  into  a  number  of  triangles.    Four 

Fig.  31.  Fig.  32.  Fig.  33.  Fig.  34. 


ways  of  doing  this  are  shown  in  the  figures :  viz.  by  drawing  lines 
firom  one  comer  to  the  other  comers ;  from  a  point  in  one  of  the 
mdes  to  the  comers ;  firom  a  point  inside  of  the  figure  to  the  cor- 
ners ;  and  firom  various  comers  to  other  comers.  The  last  meUiod 
is  usually  the  best.  The  lines  ought  to  be  drawn  so  as  to  make 
the  triangles  as  nearly  equilateral  as  possible,  for  the  reasons  given 
in  Part  V. 

One  side  of  each  of  these  triangles,  and  the  length  of  the  per> 
pendicular  let  ML  upon  it,  being  then  measured,  as  directed  in 
Art.  (43,)  the  content  of  these  triangles  can  be  at  once  obtained 
by  multiplying  their  base  by  their  altitude,  and  dividing  by  two. 

The  easiest  method  of  getting  the  length  of  the  perpendicular, 
without  actually  drawing  it,  is,  to  set  one  point  of  the  dividers 
at  the  angle  bom  which  a  perpendicular  is  to  be  let  fiedl,  and  to 

the  cosine.  Snbtract  this  product  from  the  reserved  product,  and  take  the  square 
root  of  the  remainder.    It  will  be  the  area  of  the  quadrilateral. 

Wkem  the  four  sidet,  and  the  aaijgU  afkUer§eetkm  of  ike  diagonaU  cf  ike  qmaitika 
teral  are  given ;  fquare  each  side ;  add  together  the  squares  of  the  opposite 
sides;  take  the  dinerence  of  the  two  sums;  mnltiply  it  by  the  tangent  of  the 
angle  of  intersection,  and  divide  by  four.    The  quotient  will  be  the  area. 

What  ike  iAagcnaU  of  Ike  quadrilaierai,  and  their  included  angle  are  gioen,  roal* 
tiply  together  the  two  diagonals  and  the  siua  of  their  included  aug]e»  and 
divid«!  by  two.     The  quotient  will  be  the  are* 
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open  and  shut  their  legs  till  an  arc  described  by  the  other  pomt 
will  just  touch  the  opposite  side. 

Otherwise;  a  platting, scale,  (described  in  Art.  (49)  maybe 
placed  so  that  the  zero  point  of  its  edge  coincides  with  the  angloi 
and  one  of  its  cross  lines  coincides  with  the  side  to  which  a  perpen- 
dicular is  to  be  drawn.  The  length  of  the  perpendicular  can  then 
at  once  be  read  off. 

The  method  of  dividing  the  plat  into  triangles  is  the  one  most 
commonly  employed  by  surveyors  for  obtaining  the  content  of  a 
survey,  because  of  the  simplicity  of  the  calculations  required.  Its 
correctness,  however,  is  dependant  on  the  accuracy  of  the  plat, 
and  on  its  scale,  which  should  be  as  large  as  possible.  Three 
chains  to  an  inch  is  the  smallest  scale  allowed  by  the  English 
Tithe  Commissioners  for  plats  from  which  the  content  is  to  be 
determined. 

In  calculating  in  this  way  the  content  of  a  farm,  and  also  of  its 
separate  fields,  the  sum  of  the  latter  ought  to  equal  the  former. 
A  difference  of  one  three-hundredth  (3^)  ^  considered  allowable. 

Some  surveyors  measure  the  perpendiculars  of  the  triangles  by 
a  scale  half  of  that  to  which  the  plat  is  made.  Thus,  if  the  scale 
of  the  plat  be  2  chains  to  the  inch,  the  perpendiculars  are  mea- 
suted  with  a  scale  of  one  chain  to  the  inch.  The  product  of  the 
base  by  the  perpendicular  thus  measured,  ^ves  the  area  of  the 
triangle  at  once,  without  its  requiring  to  be  divided  by  two. 

Another  way  of  attaining  the  same  end,  with  less  danger  of  mis- 
takes, is,  to  construct  a  new  scale  of  equal  parts,  longer  than  those 
by  which  the  plat  was  madfe  in  the  ratio  ^2:1;  or  1.414:1. 
When  the  base  and  perpendicular  of  a  triangle  are  measured  by 
this*  new  scale  and  then  multipUed  together,  the  product  will  be 
the  content  of  the  triangle,  without  any  division  by  two.  In  this 
method  there  is  the  additional  advantage  of  the  greater  size  and 
consequent  greater  distinctness  of  the  scale. 

When  the  measurement  of  a  plat  is  made  some  time  after  it  haa 
been  drawn,  the  paper  will  very  probably  have  contracted  •  or 
expanded  so  that  the  scale  used  will  not  exactly  apply.  In  that 
case  a  correction  is  necessary.  Measure  very  precisely  the  present 
length  of  some  line  in  tlie  plat,  of  known  length  ori^ally.     Then 
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make  this  proportion :  As  the  square  of  the  present  length  of  this 
line  Istoi^e  square  of  its  original  length,  So  it  the  content  obtiun 
ed  hy  the  present  measurement  To  the  true  content. 

(72)  Grapheal  MultipUcation.  Prepare  a  atnp  of  drawing 
paper,  of  a  ^dth  exactlj  equal  to  two  chains  on  the  scalo  of  tbe 
plat ;  i.  e.  one  inch  wide,  aa  in  the  figure,  for  a  scale  of  two  chains 
to  1  inch ;  two-thirds  of  an  inch  wide  for  a  scale  of  3  chfuna  ;  half 
ftn  inch  for  4  chains ;  and  so  on.  Draw  perpendicular  lines  across 
the  paper  at  distances  representing  one-tenth  of  a  chain  on  the  scale 
of  the  triangle  to  be  measured,  thus  making  a  platting  scalo.  Apply 
it  to  the  triangle  so  that  one  edge  of  t£e  scale  shall  pass  through 
one  comer,  A,  of  the  triangle,  and  the  other  edge  through  another 
Fig.  35. 


comer,  B ;  and  note  very  precisely  what  diviaiona  of  the  scale  are 
at  these  points.  Then  slide  the  scale  in  such  a  way  that  the 
points  of  the  scale  which  had  coincided  with  A  and  B,  shall  always 
rem^  on  the  line  BA  produced,  till  the  edge  arrives  at  the  point 
C,  Then  will  A'C,  that  is,  the  distance,  or  number  of  divisions  on 
the  scale,  from  the  point  to  which  the  division  A  on  the  scale  has 
•rriTed,  to  the  third  comer  of  the  triangle,  express  the  area  of  the 
triangle  ABC  in  square  chains.* 

•For,  from  C  draw  a  pnrallel  lo  AB,  meeting  llie  edfre  of  the  scale  in  C)  and 
dnv  C'B.  Thea  (he  gireo  triangle  ABO  ->  ABO'.  But  the  area  <if  ihii  laM 
triaogle=i  AC  multiplied  b;  half  the  width  nrtbeBcaU,i.e.=AC'  X  1  —  AC. 
Bat,  DCcHoae  of  iha  parslleU,  A'O  ^  AO'.  Therefore  (lie  area  of  ihe  gJTen  trian- 
gle ABC  E3  A'O  i.  e.  it  io  eijoal  in  square  chains  (o  ibe  number  of  linenr  chaint 
read  oS"  from  the  tcale.   This  ingenious  ojicralion  is  due  lo  M,  ConiiBery. 
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Fig.  36. 


Fig.  37 


(7S)  Myislon  into  Trapezoids!  A  line  may  be  drawn  acron 
the  field,  as  in  Fig.  86,  and  perpen- 
cUculars  drawn  to  it.  The  field  will 
thus  be  divided  into  trapezoids,  (ex* 
cepting  a  triangle  at  each  end}, 
and  their  content  can  be  calculated 
by  Art.  (67). 

Otherwise ;  a  line  may  be  drawn 
outside  of  the  figure,  and  per- 
pendiculars to  it  be  drawn  from 
each  angle.  In  that  case  the 
difference  between  the  trapezoids 
formed  by  lines  drawn  to  the 
outer  an^es  of  the  figure,  and 
those  drawn  to  the  inner  angles, 
wxQ  be  the  content. 

This  method  is  very  advantageously  applied  to  surveys  by  the 
compass ;  as  will  be  explsuned  in  Part  m,  Chap.  YI. 


(74)  DiTision  into  Sfnares.  Two  sets  of  parallel  lines,  at 
right  angles  to  each  other, 
one  chain  apart  (to  the  scale 
of  the  plat)  may  be  drawn 
over  the  plat,  so  as  to  divide 
it  into  squares,  as  in  the 
figure.  The  number  of 
squares  which  fall  within  the 
plat  represent  so  many  square 
chains ;  and  the  triangles  and 
trapezoids  which  fail  outside 
of  these,  may  then  be  calcih 
lated  and  added  to  the  entire  square  chains  which  have  been 
counted. 

Instead  of  drawing  the  parallel  lines  on  the  plat,  they  may  bet- 
ter be  drawn  on  a  piece  of  transparent  ^^  tracing  paper,''  which  is 
mnply  laid  upon  the  plat,  and  the  squares  counted  as  before.    The 


Fig. 

38. 

—^ 

^ 

"^ 

^ 

f\ 

y 

• 

^, 

\ 

1 

• 

\ 

\ 

) 

\ 

\ 

I 

\ 

s. 

y 

V 

% 

\ 

\l 

i 


OHAF.  XT.]  Calcilattng  tke  Coeteit.  49 

same  paper  will  answer  for  any  number  of  plats  draum  to  the  same 
scale.  This  method  is  a  valuable  and  easy  check  on  the  results  of 
other  calculations. 

To  calculate  the  fractional  parts,  prepare  a  piece  of  tracing 
paper,  or  horn,  by  drawing  on  it  one  square  of  the  same  size  as  a 
square  of  the  plat,  and  subdividing  it,  by  two  sets  of  ten  parallels  at 
ri^t  angles  to  each  other,  into  hundredths.  This  will  measure  the 
fractions  remaining  from  the  former  measurement,  as  nearly  as  can 
be  desired. 

CIS)  Divtatoii  into  Parallelograms.  Draw  a  series  of  paral- 
lel lines  across  the  plat  at  equal  distances  depending  on  the  scale. 
Thus,  for  a  plat  made  to  a  scale  of  2  chains  to  1  inch,  the  distance 
between  the  parallels  should  be  2^  inches ;  for  a  scale  of  8  chains 
to  1  inch,  1^  inch ;  for  a  scale  of  4  chains  to  1  inch,  |  inch ;  for 
a  scale  of  5  chains  to  1  inch,  ^  inch ;  and  for  any  scale,  make  the 
distance  between  the  parallels  that  fraction  of  an  inch  which  would 
be  expressed  by  10  divided  by  the  square  of  the  number  of  chains 
to  the  inch.  Then  apply  a  common  inch  scale,  divided  on  the 
edge  into  tenths,  to  these  parallels ;  and  eveiy  inch  in  length  of 
the  spaces  included  between  each  pair  of  them  will  be  an  acre,  and 
every  tenth  of  an  inch  will  be  a  square  chain.* 

To  measure  the  triangles  at  the  ends  of  the  strips  between  the 
parallels,  prepare  a  piece  of  transparent  horn,  or  stout  taracing 
paper,  of  a  width  equal  to  the  width  between  the  parallels,  and 
draw  a  line  through  its  middle  lon^tudinally.  Apply  it  to  the 
oblique  line  at  the  end  of  the  space  between  Fig.  89. 

two  parallels,  and  it  will  bisect  the  Ime,  and 
thus  reduce  the  triangle  to  an  equivalent 
rectangle,  as  at  A  in  the  figure.  When  an 
angle  occurs  between  two  parallels,  as  at  B 
in  the  figure,  the  fractional  part  may  be 
measured  by  any  of  the  preceding  methods. 

*  For,  caDmg  the  number  of  chaiDS  to  the  inch,  «■  n,  snd  making  the  width  be 
tweeo  die  penllelB  ^  inoh,  this  width  will  represent  _.  x  «  »  — chains ;  an^ 

■Btbe  inch  length  represents  •  chains,  their  product, .—  X  n  *  10  sqnare  chains 
^lacre. 
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A  somewhat  omilar  meiibod  is  much  used  b j  some  surveyors, 
particdariy  in  Ireland:  Hie  plat  being  made  onascale  of  5  chains 
to  1  inch,  parallel  lines  being  drawn  on  it,  half  an  inch  apart,  and 
&e  distances  along  the  parallels  being  measured  hj  a  scale,  each 
large  division  of  which  is  -^  inch  in  length.  Each  division  of  this 
scale  indicates  an  acre ;  for  it  represents  4  chains,  and  the  distance 
between  the  parallels  is  2^  chains.  This  scale  is  called  the  "  Scale 
of  Acres.'' 

(76)  Addltioil  of  WidtkSf  When  the  lines  of  the  plat  are  very 
irregolarlj  curved,  as  in  the  Fig.  40. 

figure,  draw  across  it  a  num- 
ber of  equi-distant  Imes  as  near 
together  as  the  case  may  seem 
to  require.  Take  a  straight- 
edged  pece  of  paper,  and  apply  one  edge  of  it  to  the  middle  of 
the  first  space,  and  mark  its  length  from  one  end ;  apply  Hie  same 
edge  to  the  middle  of  ihe  next  space,  bringing  the  mark  just  made 
to  one  end,  and  making  another  mark  at  the  end  of  the  additional 
length ;  so  go  on,  adding  the  length  of  each  space  to  the  previous 
ones.  When  all  have  been  thus  measured,  the  total  length,  mul- 
tiplied by  the  uniform  width,  will  give  the  content. 

(77)  nnRD  IHETHOD.— IKSTRCMENTALLT.  JByperfarm- 
mg  certain  instrumental  operatiana  on  the  plat, 

(78)  Beduetion  of  a  many  sided  figure  to  a  single  equivalent 
triangle.  Any  plane  figure  bounded  by  straight  lines  may  be 
reduced  to  a  smgle  triangle,  which  shall  have  the  same  content 
This  can  be  done  by  any  instrument  for  drawing  parallel  lineSi 


such  as  those  described  in  Art. 
(89).  Let  the  trapeadum,  or 
four  sided  figure,  shown  in  Mg. 
41,  be  required  to  be  reduced 
to  a  smgle  equivalent  triangle! 
PM>duce  one  side  of  the  figure, 
as  4 ^1.    Draw  a  line  fix)m 


the  first  to  the  third  angle  of    ^ 


Fig.  41. 
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the  figure.  From  the  second  angle  draw  a'  parallel  to  the  line  just 
drawn,  catting  the  produced  side  in  a  point  l^  From  the  point  V 
draw  a  line  to  the  third  angle.  A  triangle  (1' — 8  —  4  in  the 
figure)  will  thus  be  formed,  which  will  be  equivalent  to  the  ori^nal 
trapeaum/ 

The  content  of  this  final  triangle  can  then  be  found  by  measur- 
ing its  perpendicular,  and  taking  half  the  product  of  this  perpendi- 
eidar  by  the  base,  as  in  the  first  paragraph  of  Art  (<5). 

(79)  Let  the  ^ven  figure  have  five  sides,  as  m  Hg.  42.  For 
brevity,  the  angles  ^'^s-  ^2. 
of  ihe  figore  will  be 
named  as  numbered 
in  the  engraving. 
Produce  6 — 1. 
Joinl  —  8.  From 
2  draw  a  parallel  to 

1 — 8,  cutting  the    m^ P — T 

produced  base  in  r.  JoinV — 4.  From  3  draw  a  parallel  to  it, 
cutting  the  base  in  2'.  Join  2' — 4.  Then  will  the  triangle 
2'— 4 — 5  be  equivalent  to  the  five  sided  figure  1 — 2 — 8 — 4 — 5, 
finr  anukr  reasons  to  those  of  the  preceding  case. 

(80)  Let  tiie  j^ven  figure  be  1—2—8—4—6—6—7—8, 
as  shown  in  Fig.  48,  ^ven  at  the  top  of  the  following  page.  All 
the  operations  are  shown  by  dotted  lines,  and  the  finally  resulting 
trian^e  6' — 7 — 8,  is  equivalent  to  the  origjbal  figure  of  eight 
sides. 

It  is  best,  in  choodng  tiie  side  to  be  produced,  to  take  one  which 
has  a  long  dde  adjoining  it  on  the  end  not  produced ;  so  that  this 
kmg  side  may  form  one  side  of  the  final  triangle,  the  base  of  which 
win  therefore  be  shorter,  and  will  not  be  cut  so  acutely  by  the 
line  drawn,  as  to  make  the  point  of  mtersection  too  indefinite. 


*  FoTf  the  triangle  1—3—3  taken  away  from  the  original  figure  ii  eqai 
M>  the  triangle  1'— 1— 3  added  to  it ;  became  both  these  trianglef  have  the 
baie  and  auo  the  lame  altitode,  linoe  the  verticea  of  both  lie  in  the  tame 
parallel  to  the  bate. 
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(81)  General  Bvle.  When  the  g^yen  figure  has  many  ddes^ 
with  angles  sometimes  salient  and  sometimes  re-entering,  the  operar 
tions  of  reduction  are  very  liable  to  errors,  if  the  draftsman  attempt? 
to  reason  out  each  step.  All  difficulties,  however,  will  be  removou 
by  the  following  G-enercd  Rule : 

1.  Produce  one  side  of  the  figure,  and  call  it  a  base.  Gall  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  succession  around  the  figure. 

2.  Draw  a  line  from  the  1st  angle  to  the  8d  angle.  Draw  a 
parallel  to  it  from  the  2d  angle.  Gall  the  intersections  of  this 
parallel  with  the  base  the  1st  mark. 

8.  Draw  a  line  from  the  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  8d  angle.  Its  intersection  with  tiie  base  is 
the  2d  mark. 

4.  Draw  a  line  fit)m  the  2d  mark  to  the  5th  angle.  Draw  a 
parallel  to  %  frjm  the  4th  angle.  Its  intersection  with  the  base  is 
the  8d  mark. 

5.  In  general  terms,  which  apply  to  eveiy  step  after  the  first, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  whose  number 
is  greater  by  three  than  the  number  of  the  mark.  Draw  a  parallel 
to  it  through  the  angle  whose  number  is  greater  by  two  than  that 
of  the  mark.  Its  intersection  wilh  the  base  will  be  a  mark  whose 
number  is  greater  by  one  than  that  of  the  preceding  mark.* 

in  the  concise  laDgnaffo  of  Algebra,  draw  a  line  from  the  nth  mark  to  th« 
«4-3  angle.  Draw  a  parallel  to  it  throngh  tbe  n-f>2  angle,  and  the  interaectiot 
with  the  base  will  be  the  n4~^  mark. 


CHAP.    lY.] 


Calculating  the  Content. 


53 


6.  Repeat  this  process  for  each  angle,  till  you  get  a  mark  nfhose 
Qumber  is  such  that  the  angle  having  a  number  greater  by  three  is 
the  last  angle  of  the  figore,  i.  e.  the  angle  at  the  other  end  of  the 
base*  Then  join  the  last  mark  to  the  angle  which  precedes  the 
last  angle  in  the  figure,  and  the  triangle  thus  formed  will  be  the 
equivalent  triangle  required. 

In  practice  it  is  wmeee9%ary  to  actually  draw  the  lines  joinmg 
Hie  succesdve  angles  and  marks,  but  the  parallel  ruler  is  merely 
laid  on  80  as  to  pass  through  them,  and  the  points  where  the 
parallels  cut  the  base  are  alone  marked. 

(82)  It  is  generally  more  convenient,  for  the  reasons  ^ven  at 
&e  end  of  Art  (80),  to  reduce  F»g-  44. 

half  of  the  figure  on  one  side  and 
half  on  the  other,  as  is  shown  in 
lig.  44,  which  represents  the  same 
field  as  Hg.  42.  The  equivalent 
triangle  is  here  1' — 8 — 2'. 

When  the  figure  has  many  angles, 
they  should  not  be  numbered  con-   f  ^  ^  9       %' 

seculzvely  all  the  way  around,  but,  after  the  numbers  have  gone 
iitnmd  as  fiur  as  the  angle  where  it  is  mtended  to  have  the  vertex 


10  4 


Fig.  45. 


«f  liie  final  triangle,  the  numbers  should  be  contmued  firom  (be 
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other  angle  of  the  base,  as  is  shown  in  Eig.  45.    In  it  only  the 
mtersections  are  marked  * 


(8S)  It  is  sometimes  more  coDTenient,  not  to  produce  one  of 
the  ndes  of  the  figore,  but  to  draw  at  one  end  of  it,  as  at  the  point 
1  in  ilg.  46,  an  indefinite  line,  usually  a  perpendicular  to  a  line 

Fig.  46. 


jommg  two  distant  angles  of  the  figure,  and  make  this  line  the  base 
of  the  equivalent  triangle  desired.  The  operation  is  shown  by  the 
dotted  lines  m  the  figure.  The  same  General  Rule  applies  to  it, 
as  to  the  previous  figures. 

(81)  Special  Instments*  A  variety  of  instruments  have 
been  invented  for  the  purpose  of  determining  areas  rapidly  and 
correctly.  One  of  the  simplest  is  the  ^^  Computing  ScdltJ^  which 
is  on  the  same  principles  as  the  Method  of  Art.  (75).  It  is  repre- 
sented in  Kg.  47,  given  on  the  following  page.  It  consists  of  a 
scale  divided  for  its  whole  length  from  the  zero  point  into 
divisions,  each  representing  2^  chains  to  the  scale  of  the  plat. 
The  scale  carries  a  slider,  which  moves  along  it,  and  has  a 
wire  drawn  across  its  centre  at  right  angles  to  the  edges  of  the 
scale.  On  each  side  of  this  wire,  a  portion  of  the  sUder  equal 
in  length  to  one  of  the  primary,  or  ^\  chain,  divisions  of  the  scale, 
is  laid  off  and  divided  into  40  equal  parts. 

Tins  instrament  is  used  in  connection  with  a  sheet  of  transpa- 
rent paper,  ruled  with  parallel  Imes  at  distances  apart  each  equal 
to  one  chain  on  the  scale  of  the  plat.    It  is  plain,  that  when  the 

*  A  figure  with  cnrvea  boandaries  may  be  reduced  to  a  triangle  in  a  noiilar 
aiann«r.  Straight  linei  muat  be  drawn  about  the  fi^re,  so  as  to  be  partly  in  it 
and  partly  out,  givinff  and  taking  about  equal  quantities,  so  that  the  fi^re  which 
these  lines  form,  shul  be  about  equivalent  to  the  curved  figure.  This  having 
been  done,  as  wiU  be  furdier  developed  in  Art  (124),  the  equivalent  straighf 
Uned  figure  is  reduced  by  the  above  method. 


:^ 


^ 
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mstnnwnt  b  lud  on  this  paper, niQi  its  edgeon  on«  of  tha 
panlld  lines,  and  the  slider  is  moved  over  one  of  the  diri- 
H0II6  of  2^  chains,  that  one  rood,  or  a  quarter  of  an  aci«, 
has  beecmeasuredbetreentwoofthe  parallel  lines  on  the 
paper  (since  10  square  chains  make  one  acre) ;  and  that 
me  of  the  smaller  divisions  measures  one  perch  between 
the  same  parallels.  Four  of  the  larger  dinriona  jpre 
one  acre.  The  scale  ia  general;  made  long  enough  to 
measure  at  once  fire  acres. 

To  apply  this  to  the  plat  of  a  Seld,  or  form,  lay  the 
banspuent  paper  over  it  in  such  a  poulaon  that  two  of 
the  ruled  lines  shall  toach  two  of  the  exterior  points  of 
die  boundaries,  as  pig.  ^s. 

at  A  sad  B.  Lay  . 
the  scale,  with  the 
slide  set  to  zero, 
on  the  paper,  in  a 
Erection  parallel 
to  the  ruled  lines, 
and*  BO  that  the 
wire  of  the  slide 
cots  the  left  hand 
oblique  line  so  as  ' 
to  make  the  spaces  o  and  d  about  equal.  Hold  (he 
scale  firm,  and  more  the  slider  till  the  wire  cuts  the 
tij^t  hand  oblique  line  in  such  a  way  aa  to  equalize  the 
spaces  e  and  /.  Without  changing  the  slide,  move 
the  scale  down  the  width  of  a  space,  and  to  the  left 
hand  end  of  the  next  space ;  begin  there  agtuu,  and  prooovd  as 
before. 

So  go  on,  tin  the  whole  length  of  the  scale  is  run  out,  (fire  acres 
having  been  measured),  and  then  begin  at  the  right  hand  side  and 
work  backwards  to  the  left,  reading  the  lower  dirinons,  which  mn 
tq>  to  10  acres.  By  continuing  this  process,  the  content  of  plats 
if  any  nze  can  be  obtmned. 

A  BfiU  nmpler  substitate  for  this  is  a  scale  nmilarly  divided,  but 
without  an  attached  slide.    In  place  of  it  there  is  used  a  piece  of 
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horn  having  a  line  drawn  across  it  and  rivetted  to  the  end  of  a 
short  scale  of  box-wood,  divided  like  the  former  slide.  It  is  used 
like  the  former,  except  that  at  starting,  the  zero  of  the  short  scale 
and  not  the  line  on  the  horn  is  made  to  coincide  with  the  zero  of 
the  long  scale.  The  slide  is  to  be  held  &8t  to  the  instrument  when 
this  is  moved. 

The  Pediometer  is  another  less  simple  instrument  used  for  the 
same  object.    It  measures  any  quadrilateral  directlj. 

(85)  Some  very  complicated  instruments  for  the  same  object 
have  been  devised.  One  of  them,  Sang's  Planometer,  determines 
the  area  of  any  figure,  by  merely  moving  a  point  around  the  out- 
Ime  of  the  surface.  This  causes  motion  in  a  train  of  wheel  work, 
which  renters  the  algebraic  sum  of  the  product  of  ordinates  to 
every  point  in  that  perimeter,  by  the  increment  of  their  abscissas, 
and  therefore  measures  the  included  space. 

Instruments  of  this  kind  have  been  invented  in  Germany  by 
Ernst  Hansen,  and  Wetli. 


A  purely  mechanical  means  of  determining  the  area^ot 
any  surface  by  means  of  its  weighty  may  be  placed  here.  The  plat 
is  cut  out  of  paper  and  weighed  by  a  delicate  balance.  The 
weight  of  a  rectangular  piece  of  the  same  paper  containing  just  one 
acre  is  also  found;  and  the  ^^Rule  of  Three"  ^ves  the  content. 
A  modification  of  this  is  to  paste  a  tracing  of  the  plat  on  thin  sheet 
lead,  cut  out  the  lead  to  ike  proper  lines  and  weigh  it. 

(87)  FOURTH  METHOD.— TRIGONOMETRICALLI.  By  cab- 
culaJ&ng^  from  the  observed  angles  of  the  boundaries  of  the  piece 
ofgroimd^  the  lengths  of  the  lines  needed  for  calculating  the  content. 

This  method  is  employed  for  surveys  made  with  angular  instru- 
ments, as  the  compass,  &c.,  in  order  to  obtain  the  content  of  the 
land  surveyed,  without  the  necessity  of  previously  making  a  plat, 
thus  avoiding  both  that  trouble  and  the  inaccuracy  of  any  calcular 
tions  founded  upon  it.  It  is  therefore  the  most  accurate  method; 
but  will  be  more  appropriately  explained  in  Part  HE,  Chapter  YI, 
under  the  head  of  ^^  Gompase  Surveying." 


PART  11. 


CHAIN-SURVEYINQ; 

By  the  First  and  Second  Methods  : 

OR 

DIAGONAL  AND  PERPENDICULAR  SURVEYING. 

(88)  The  chain  alone  is  abundantlj  sufficient,  'without  the  aid 
4f  any  other  instrument,  for  making  an  accurate  survey  of  any 
sorfiice,  whatever  its  shape  or  size,  particularly  in  a  district  tolera- 
bly level  and  clear.  Moreover,  since  a  chain,  or  some  substitute 
for  it,  formed  of  a  rope,  of  leather  driving  reins,  &c.,  can  be 
obtained  by  any  one  in  the  most  secluded  place,  this  method  of 
Surveying  deserved  more  attention  than  has  usually  been  given  to 
it  in  this  country.  It  will,  therefore,  be  fully  developed  in  the 
following  chapters. 

CHAPTER  I. 
SVRTETING  BT  DIAGONALS : 

OR  • 

.     By  the  First  Method. 

(99)  Surveying  by  Diagonals  is  an  application  of  the  FirH 
Method  of  determining  the  position  of  a  point,  given  in  Art.  (5,)  to 
which  the  student  should  again  re£^r.  Each  comer  of  the  field  or 
farm  which  is  to  be  surveyed  is  ^^  determined"  by  measuring  its 
distances  from  two  other  points.  The  field  is  Hien  ^^  platted '^ 
by  repeating  this  process  on  paper,  for  each  comer,  in  a  contraiy 
order,  and  the  ^^  content "  is  obtained  by  some  of  the  methodfl 
explained  in  Chapter  lY  of  Part  I. 
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The  lines  which  are  measured  in  order  to  determine  the  cor- 
ners of  the  field  are  usually  sides  and  diat/anale  of  the  irregular 
polygon  which  is  to  be  surveyed*  They  thexefore  divide  it  up 
into  triangles ;  whence  this  mode  of  surveying  is  sometimes  oalt 
ed  *'  Chain  Triangulation.* 

A  few  examples  will  make  the  principle  and  practice  perfectly 
ciear.  Each  will  be  seen  to  require  the  three  operations  of  measv/r- 
ingj  platting  J  and  calculating. 

(90)  A  three-sMe4  IteM ;  as  Fig.  49. 

Fieldrwark.  Measure  the  three  sides, 
AB,  BOy  and  CA.  Measure  also,  as  a 
proof  line,  the  distance  from  one  of  the  cor- 
ners, as  0,  to  some  point  in  the  opposite  cdde,  as  D,  at  which  a 
mark  should  have  been  left,  when  measuring  from  A  to  B,  at  a 
known  distance  from  A.  A  stick  or  twig,  with  a  slit  in  its  top,  to 
receive  a  piece  of  paper  with  the  distance  from  A  marked  on  it« 
is  the  most  convenient  mark. 

Platting.  Choose  a  suitable  scale  as  directed  in  Art.  (44). 
Then,  by  Arts.  (42)  and  (49),  draw  a  line  equal  in  length,  on  the 
chosen  scale,  to  one  of  the  sides ;  AB  for  example.  Take  in  the 
compasses  the  length  of  another  side  as  AC,  to  the  same  scale, 
and  with  one  leg  in  A  as  a  centre,  describe  an  arc  of  a  circle. 
Take  the  length  of  the  third  aide  BC,  and  with  B  as  a  centre, 
describe  another  arc,  intersecting  the  first  arc  in  a  point  which  will 
be  the  third  comer  C.  Draw  the  lines  AC  and  BC ;  and  ABC 
will  be  the  plat^  or  miniature  copy — as  explained  in  Art.  (Sfi)— - 
of  the  field  surveyed. 

Instead  of  describing  two  arcs  to  get  the  point  C,  two  purs  of 
compasses  may  be  conveniontiy  used.  Open  them  to  the  lengths, 
respectively,  of  the  last  two  sides.  Put  one  foot  of  each  at  the 
ends  of  the  first  side,  and  bring  their  other  feet  together,  and  their 
pomt  of  meeting  will  mark  the  desired  third  point  of  the  triangle. 

To  ^^  prove  "  the  accuracy  of  the  work,  fix  the  point  D,  by  setting 
off  from  A  the  proper  distance,  and  measure  the  length  of  the  !i] 
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DC,  by  Art.  (48).    If  its  length  on  the  plat  corresponds  to  its 
measorement  on  the  grotmd,  the  work  is  correct/ 

CdlckdaJtion.  The  content  of  the  field  may  now  be  found  as 
directed  in  Art.  (CS))  eiiher  fix)m  the  three  sides,  or  more  easily 
ihongh  not  so  accurately,  by  measuring  on  the  plat,  by  Art.  (48), 
the  length  of  the  perpendicular  OE,  let  fall  from  any  angle  to  the 
opposite  mde,  and  taking  half  the  product  of  these  two  lines. 

SxampU  1.  figure  49,  is  the  plat,  on  a  scale  of  two  chains 
to  one  inch,  of  a  field,  of  which  the  side  AB  is  200  links,  BC  is 
100  links,  and  AC  is  150  links.  Its  content  by  the  rule  of  Art. 
(tf),  is  0.726  of  a  square  chain,  or  OA.  OR.  12P.  If  the  perpen- 
dicular 0£  be  accurately  measured,  it  will  be  found  to  be  72j^ 
links.  Half  the  product  of  this  perpendicular  by  the  base  will  be 
found  to  ^ve  the  same  content. 

Ex.  2.  The  three  sides  of  a  triangular  field  are  respectivei) 
89.89,  54.08,  and  45.98.    Required  its  content. 

Am.    lOOA.  OE.  lOP. 

(M)  A  fonr-sIM  lleM ;  Fig.  so. 

as  Fig.  50. 

Mdd^ark.  Measure  the 
four  sides.  Measure  also 
a  diagonal,  as  AG,  thus  di* 
lading  the  four-sided  field 
into  two  triangles.  Mea- 
sure also  the  other  diagonal,  or  BD,  for  a  ^^  Proof  line." 

Platting.  Draw  a  line,  as  AC,  equal  in  length  to  the  diagonal, 
to  any  scale,  by  Arts.  (42)  and  (49).  On  each  side  of  it,  con» 
struct  a  triangle  with  the  ades  of  the  field,  as  directed  in  the  pre- 
ce<]Ung  article. 

To  prove  the  accuracy  of  the  work,  measure  on  the  plat  the 
length  of  the  ^^  proof  Ime,"  BD,  by  Art.  (43),  and  if  it  agrees 
with  tiie  length  of  the  same  line  measured  on  the  ground,  the  field 
work  and  platting  are  both  proved  to  be  correct. 

*  It  ii  a  noiversal  principle  in  all  rarveyin^  operations,  that  the  work  must  ))• 
tested  by  tome  means  independent  of  the  ong[inal  process,  and  that  the  same  re* 
■alt  most  be  arrived  at  by  two  different  methods.  The  necessary  length  of  this 
proof  line  can  also  easily  be  calculated  by  the  principles  of  Trigoncymetry* 


GO 
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C(dGuJ4iJtion.  Und  the  content  of  each  triangle  separately,  aa 
m  the  preceding  case,  and  add  them  together ;  or,  more  briefly, 
multiply  either  diagonal  (the  longer  one  is  preferable)  by  the  smn 
of  the  two  perpendicnlars,  and  divide  the  product  by  two. 

Otherwise :  reduce  the  foup«ided  figure  to  one  triangle  as  in 
Axt.  (78)  ;  or,  use  any  of  the  methods  of  the  preceding  chapter. 

Example  S.  In  the  field  drawn  in  fig.  50,  on  a  scale  of  8  chains 
tc  ttie  inch,  AB  =  688  links,  BC  =  210,  CD  =  480,  DA  =  274, 
the  diagonal  AC  =  626,  and  the  proof  diagonal  BD  =  500.  The 
total  content  will  be  lA.  OB.  17P. 

Ex.  4.  The  sides  of  a  fou]>edded  field  are  AB  =  12.41,  BC 
=  5.86,  CD  =  8.25,  DA  =  4.24 ;  tlie  diagonal  BD  =  11.55, 
and  ike  proof  line  AC  =  11.04.    Required  the  content. 

An9.  4A.  2R.  88P. 

Ex.  5.  The  sides  of  a  four-sided  field  are  as  follows :  AB  ss 
8.95,  BC  =  5.83,  CD  =  10.10,  DA  =  6.54 ;  the  diagonal  from 
A  to  C  is  11.52 ;  the  proof  diagonal  from  B  to  D  is  10.92.  Re- 
quired the  content.  An9, 

Ex.6.  In  a  four^ded  field,  AB  =  7.68,  BC  =  4.09,  CD  = 
10.64,  DA  =  7.24,  AC  =  10.82,  BD  =  10.74.  Required  the 
content.  Ans. 


(92)  A  many-sIM  lleU,  as  Fig.  51. 

Fig.  51. 
B 
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Field- Work.  Measure  all  the  sides  of  the  field.  Measure 
also  diagonals  enough  to  divide  the  field  into  triangles ;  of  which 
there  will  always  be  two  less  than  the  number  of  cddes.  Choose 
such  diagonals  as  will  divide  the  field  mto  triangles  as  nearly  equi- 
lateral as  possible.  Measure  also  one  or  more  diagonals  for 
'^  Proof  lines."  It  is  well  for  the  surveyor  himself  to  place  stakes 
in  advance  at  all  the  comers  of  the  field,  as  he  can  then  select  the 
best  mode  of  division. 

Platting.  Begin  with  any  diagonal  and  plat  one  triangle,  as  in 
Art.  (96).  Plat  a  second  triangle  adjoining  the  first  one,  as  in 
Art.  (91).  Plat  another  adjacent  triangle,  and  so  proceed,  till  aU 
have  been  laid  down  in  their  proper  places.  Measure  the  proof 
lines  as  in  the  last  article. 

Caleuiation.  Proceed  to  calculate  the  content  of  the  figure, 
precisely  as  directed  for  the  four-dded  field,  measuring  the  perpen- 
dicuhurs  and  calculating  the  content  of  each  triangle  in  turn ;  or 
taidng  in  pturs  those  on  opposite  sides  of  the  same  diagonal ;  or 
ufflng  some  of  the  other  methods  which  have  been  explamed. 

Example  7.  The  six-sided  field,  shown  in  Fig.  51,  has  the 
lengths  of  its  lines,  in  chains  and  links,  written  upon  them,  and  is 
divided  into  four  triangles,  by  three  diagonals.  The  diagonal 
BE  is  a  ^^  proof-line."  The  figure  is  drawn  to  a  scale  of  4  chains 
to  the  inch.    The  content  of  the  field  is  5A.  3R.  22P. 

Ex.  8.  In  a  five-sided  field,  the  length  of  the  sides  are  as  fol- 
lows:  AB  =  2.69,  BG  =  1.22,  CD  =  2.32,  DE  =  8.55,  EA  « 
8.28.  The  cQagonals  are  AD  =»  481,  BD  =  3.83.  Required  its 
content.  An9. 

(93)  A  field  may  be  divided  up  into  triangles,  not  only  by  mea- 
suring diagonals  as  in  the  last  figure,  but  by  any  of  the  methods 
shown  in  the  four  figures  of  Art.  (71).  The  one  which  we  have 
been  employing,  corresponds  to  the  last  of  those  figures. 

Still  another  mode  may  be  used  when  the  angles  cannot  be  seen 
fitnn  one  another,  or  from  any  one  poiat  within.  Take  three  or 
more  convenient  points  within  the  field,  and  measure  from  them  tc 
the  comers,  and  thus  form  difierent  sets  of  triangles. 
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KEEPING  THE  FIELD  NOTES. 

(94)  By  Sketch*  The  most  simple  method  is  to  make  a  sketoh 
of  the  field,  as  nearly  correct  as  the  miassisted  hand  and  eye  can 
produce,  and  note  down  on  it  the  lengths  cf  all  the  lines,  as  in  Hg. 
61.  Bnt  when  many  other  points  require  to  be  noted,  such  as 
where  fences,  or  roads,  or  streams  are  crossed  in  the  measurement, 
or  any  other  additional  particulars,  the  sketch  would  become  ooih 
fused,  and  be  likely  to  lead  to  mistakes  in  the  subsequent  platting 
Srom  it.  The  following  is  therefore  tiie  usual  metiiod  of  keeping 
die  lield-notes.    A  long  narrow  book  is  most  convenient  for  it 


(95)  In  ColumiSt  Draw  two  parallel  lines  about  an  inch  apart 
from  the  bottom  to  the  top  of  the  page  of  the 
field-book,  as  in  the  margin.  This  column,  or  pair 
of  lines,  may  be  conceived  to  represent  the  measured 
line,  iplit  in  twOj  its  two  halves  being  then  separated, 
an  inch  apart,  merely  for  convenience,  so  that  the 
distances  measured  along  the  line,  may  be  written  be- 
tween these  halves. 

Hold  the  book  m  the  direction  of  the  measurement.  At  the 
bottom  of  the  page  write  down  the  name,  or  number,  or  letter, 
which  represents  the  station  at  which  the  survey  is  to  be^. 


A  ^^  station"  is  marked  with  a  trian^e  or  circle,  as 
m  the  margm.    The  latter  is  more  easily  made. 


A 
© 


In  the  complicated  cases,  which  will  be  hereafter  explained,  and 
in  which  one  long  base  line  is  measured,  and  also  many  other  sub- 
ordinate lines,  it  will  be  well,  as  a  help  to  the  memory,  to  mark 
tne  stations  on  the  Base  line  with  a  triangle,  and  the  stations  on 
the  other  lines  with  the  ordinaiy  drcle. 


The  station  from  which  the  measure- 
ments are  made  is  usually  put  on  the  left 
of  the  column ;  and  the  station  which  is 
measured  to,  is  put  on  the  right 


FromA 


0 

562 
0 


\toB 
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But  it  is  more  compact,  and  ayoids  inteifering 
inXk  the  notes  of  "  o&ets "  (to  be  explained  here- 
after) to  write  the  name  or  number  of  the  station 
m  the  column,  as  in  the  mar^. 

The  measurements  to  different  pomts  of  a  line  are 
written  above  one  another.  The  numbers  all  refer 
to  the  becoming  of  the  line,  and  are  counted  from  it. 


The  end  of  a  measured  Ime  is  marked  by  a  line 
drawn  across  the  page  aboye  the  numbers  which 
indicate  the  measurements  which  have  been  made. 

If  the  chaining  does  not  continue  along  the 
adjoining  line,  but  the  chidn-men  go  to  some 
other  part  of  the  field  to  be^  another  mea- 
Burement,  ttco  lines  are  drawn  across  the  page. 


B 

562 
A 

B 

400 
250 
100 


When  a  line  has  been  measured,  the  marks 
r  or  T  are  made  to  show  whether  the  follow- 
lowing  line  turns  to  the  right  or  to  the  left. 

A  line  is  named,  either  by  the  names  of  the  stations  between 
which  it  is  measured,  as  the  line  AB ;  or  by  its  length,  a  line 
562  Imks  long,  bemg  caQed  the  Ime  562 ;  or  it  is  recorded  as  line 
No.  1,  lone  No.  2«  &c ;  or  as  Line  on  page  1,  2,  &c.,  of  the 
Field-book. 

When  a  mark  is  left  at  any  point  of  a  line, 
as  at  D,  in  Fig.  49,  with  the  intention  of  com- 
ing back  to  it  again,  in  order  to  measure  to 
some  other  point,  the  place  marked  is  caQed  a 
False  Station^  and  is  marked  in  the  Held-book 
F.  S. ;  or  has  a  line  drawn  around  it,  to  distin- 
guish it ;  or  has  a  station  mark  a  placed  outside 
of  the  column,  to  the  right  or  left,  according  to 
the  direction  in  which  the  measurement  firom  it  is 
to  be  made.  Examples  of  these  three  modes  are 
(^ven  in  the  marg^. 


662 

200 

0 

F.S. 

662 

@) 
0 

662 

200 

0 
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A  False  Station  is  named  by  its  position  on  the  line  where  it 
belong? ;  as  thus—"  200  on  662." 

When  a  gate  occurs  in  a  measured  line,  the  distance  from  the 
beginning  of  the  line  to  the  side  of  the  gate  first  reached,  is  the 
one  noted. 

When  tiie  measured  line  crosses  a  fence,  brook, 
road,  &c.,  they  are  drawn  on  the  field-notes  in 
their  true  direction,  as  nearly  as  possible,  but 
not  in  a  continuous  line  across  the  column,  as  in 
the  first  figure  in  the  margm,  but  as  in  the  se- 
cond figure,  so  that  the  two  parts  would  form  a 
continuous  straight  line,  if  the  halves  of  the 
<^  split  line"  were  brought  together. 

It  is  convenient  to  name  the  lines,  in  the  margin,  as  being  Sides, 
Diagonals,  Proof  lines,  &c. 

(96)  The  Field-notes  of  the  triangular  field  platted  in  Hg.  49, 
are  ^ven  below,  according  to  both  the  methods  mentioned  in  the 
preceding  Article,  pages  62  and  63. 

In  the  Field-notes  in  the  column  on  the  right  hand,  it  is  not  abso* 
lutely  necessary  to  repeat  the  B  and  C. 
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(97)  The  Ileld-notes  of  the  survey  platted  in  Fig.  51,  are  given 
below.    They  begm  at  the  bottom  of  the  left  hand  column. 
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CHAPTER  II. 

8VRTETING  BT  TIE-LINES. 

ifiS)  Surveying  bt/  7Xe4ines  ia  a  modification  of  die  mothod 
erulained  in  the  last  chapter.  It  firequentlj  happens  that  it  k  im* 
poflsibld  to  measure  the  diagonals  of  a  field  of  many  sides,  in  oons^ 
quence  of  obstacles  to  measorements,  such  as  woods,  water,  houseSi 
&c.  In  such  cases,  ^^Tie^ineSj^  (so  called  because  thej  tie  the 
sides  together),  are  employed  as  substitutes  for  diagonals. 

Thus,  in  the  four-sided  field  shown  in  the  figure,  the  diagonals 
cannot  be  measured  because  of  woods  inter-  pig.  50. 

vening.  As  a  substitute,  measure  off  from 
any  convenient  comer  of  the  field,  as  B,  any 
distances,  BE,  BF,  along  the  sides  of  the 
field.  Measure  also  the  "tie-line"  EF. 
Measure  all  the  sides  of  the  field  as  usual.       A 

To  plat  this  field,  construct  the  triangle  BEF,  as  in  Art.  (M). 
Produce  the  sides  BE  and  BF,  till  they  become  respectively  equal 
to  BA  and  BC,  as  measured  on  the  groimd.  Then  with  A  and  0 
as  centres,  and  with  radii  respectively  equal  to  AD  ani  CD, 
describe  arcs,  whose  intersection  will  be  D,  the  remaining  comer 
of  the  field. 

(99)  It  thus  appears  that  one  tie-line  is  sufficient  to  determine  a 
four-sided  field;  two,  a  five-sided  field,  and  so  on.  But,  as  a 
chock  on  errors,  it  is  better  to  measure  a  tie-line  for  each  angle, 
and  the  agreement,  in  the  plat,  of  all  the  measurements  will  prove 
the  accuracy  of  the  whole  work. 

Since  any  inaccuracy  in  the  length  of  a  tie-line  is  increased  in 
proportion  to  the  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measured  as  far  from  the  point  of  meeting  of  tiieae 
sides  as  posnble,  that  is,  they  should  be  as  long  as  posdble. 

The  radical  defect  of  the  system  is  that  it  is  "  working  from  less 
to  greater,"  (which  is  the  exact  converse  of  the  trae  principle)| 
thus  magnifying  inaccuracies  at  every  step. 


ciup.  II.]  Snireylng  by  Tle-llnesi  67 

A  tie-line  may  also  be  employed  as  a  ^^  proof  line,"  in  iihe  place 
of  a  diagonal,  and  tested  in  the  same  manner. 

Fig.  53. 

K  any  angle  of  the  field  is  re-entering,  as  at  fC^^^^^ 
B  in  the  figure,  measure  a  tie-line  across  the  ^^^^^^/ 
nlient  angle  ABC.  ^{^^^^^^^ 

^  C 

(100)  Chain  Angles*  It  is  convenient,  though  not  necessary, 
to  measure  equal  distances  along  the  sides ;  BE,  BF,  in  Fig.  52, 
and  BA,  BC,  in  Fig.  53.     "  Chain  Angles"  are  thus  formed.* 

(101)  Inaccessible  Areas*  The  method  of  tie-lines  can  be 
applied  to  measuring  fields  which  cannot  be  entered. 

Thus,  in  the  Figure,  ABCD  is  an  inac-  Fig.  54. 

cessible  wooded  field,  of  four  sides.  To 
surrey  it,  measure  all  the  sides,  and  at 
any  comer,  as  D,  measure  any  distance 
DE,  in  the  line  of  AD  produced.  Mear 
sure  also  another  distance  DF  in  the  line 
of  CD  produced.  Measure  the  tie-line  EF,  and  the  figure  can  be 
platted  as  in  the  case  of  the  field  of  Fig.  52,  the  sides  of  the  trian- 
gle being  produced  in  the  contrary  direction. 

The  same  end  would  be  attained  by  prolon^ng  only  one  side,  as 
shown  at  the  angle  A  of  the  same  figure,  and  measuring  AG,  AH, 
and  GH.  It  is  better  in  both  cases  to  tie  all  the  angles  in  a 
fumilar  manner. 

This  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolonging  as  many  of  them  as  are  necessary ;  all  of  them,  if 
posfflble. 


*  ObaiD  angles  may  be  reduced  to  angles  measured  in  degrees,  by  observing 
chat  the  tie-line  is  the  chord  of  the  ansle  to  a  radius  equal  to  one  of  the  equal  dis* 
tmnoes  measured  on  the  sides.  Therefore,  divide  the  length  of  the  tie-line  by  the 
length  of  this  distance.  The  quotient  will  be  the  chord  of  the  angle  to  a  radius 
of  one.  In  the  Tablb  or  Chords,  at  the  end  of  this  volume,  fina  this  quotient 
and  the  nnmber  of  decrees  and  minutes  corresponding  to  it  gives  the  angle  re 

3 aired.     Otherwise;  since  the  chord  of  any  an^ie  equals  twice  the  sine  of  half 
le  angle,  we  have  this  rule :   Divide  half  the  tie-line  by  the  measured  distance 
find  in  a  table  of  natural  sines  the  angle  corresponding  to  the  quotient,  and  mol 
dply  this  angle  by  two,  to  get  the  angle  desired. 
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(102)  If  the  sides  CD  and  AD  were  prolonged  by  their  full 
lengtihy  the  content  of  the  figure  could  be  calculated  without  any 
plat ;  for  the  new  triangle  DEF  would  equal  the  triangle  D AC ; 
and  the  sides  of  the  triangle  ACB  would  then  be  known. 

Fig  55 

This  principle  may  be  extended  still  farther. 
For  a  five-sided  field,  as  in  Fig.  55,  produce 
two  pairs  of  sides,  a  distance  equal  to  their 
length,  forming  two  new  triangles,  aa  shown  by 
the  dotted  lines,  and  measure  the  sides  BD', 
and  AD".  The  three  sides  of  each  of  these 
triangles  will  thus  be  known,  and  also  the  three 
sides  of  the  triangle  BAD,  since  AD  =  A'D", 
andBD  =  B'D'. 


The  method  of  this  article  may  be  employed 
for  a  figure  of  six  sides  as  shown  in  Fig.  56, 
(in  which  the  dotted  lines  within  the  wooded 
field  have  their  lengths  determined  by  the  tri- 
angles formed  outside  of  it,)  but  not  for  figures 
of  a  greater  number  of  sides. 


Fig.  56. 


CHAPTER  ni. 


SURTETING  BT  PERPENDICULARS : 


OR 


By  tJie  Second  Method, 

(103)  The  method  of  Surveying  by  Perpendiculars  is  founded 
an  the  Second  Method  of  determining  the  position  of  a  pomt, 
explained  in  Art.  (6).  It  is  applied  in  two  ways,  either  to 
making  a  complete  Survey  by  ^^  Diagonals  and  Perpendiculars^* 
or  to  measuring  a  crooked  boundary  by  ^^  Off-sets^  Each  will  b« 
considered  in  turn. 
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^e  best  methods  of  getting  perpendiculars  on  the  groond  most| 
however,  be  first  explained. 

TO  SET  OUT  PERPENDIOULARS. 

(IM)  Sureyor's  Cross*  The  simplest  instrument  ^^^^''• 
fnr  iliis  purpose  is  the  Surveyor^ 9  Oross^  or  CrosB-Stqff^^ 
flhown  in  the  figure.  It  conasts  of  a  block  of  wood,  of 
any  shape,  having  in  it  two  saw-cuts,  made  very  precise- 
ly at  li^t  angles  to  each  other,  about  half  an  inch  deep, 
and  with  centre-bit  holes  made  at  the  bottom  of  the  cuts 
to  assist  in  findmg  the  objects.  This  block  is  fixed  on  a 
pointed  staff,  on  which .  it  can  turn  fireely,  and  which 
should  be  precisely  8  links  (68|  inches)  long,  for  the 
convenience  of  short  measurements. 

To  use  the  Cross-staff  to  erect  a  perpendicular,  set  it 
at  the  point  of  the  line  at  which  a  perpendicular  is  want- 
ed. Turn  its  head  till,  on  looking  through  one  saw-cut, 
you  see  the  ends  of  the  line.  Then  will  the  other  saw- 
eut  point  out  the  direction  of  the  perpendicular,  and  thus 
guide  the  measurement  desired. 

To  find  where  a  perpendicular  to  the  line,  from  some  object,  as 
a  comer  of  a  field,  a  tree,  &c.,  would  meet  the  line,  set  up  the 
crosMtaff  at  a  point  of  the  line  which  seems  to  the  eye  to  be  about 
the  spot.  Note  about  how  far  from  the  object  the  perpendicular 
at  this  point  strikes,  and  move  the  cross-staff  that  distance ;  and 
repeat  Uie  operation  till  the  correct  spot  is  fi)und. 

I 

(1€S)  To  test  the  accuracy  of  the  in- 
strument, sight  through  one  slit  to  some 
point  A,  and  place  a  stake  B  in  the  line 
of  sight  of  the  other  slit.  Then  turn  its 
head  a  quarter  of  the  way  around,  so 
that  the  second  slit  looked  through,  points  to  A.  Then  see  if  thd 
other  slit  covers  B  again,  as  it  will  if  correct.  If  it  does  not  do 
BO,  but  nghts  to  some  other  point,  as  B',  the  apparent  error  is 
double  the  real  one,  for  it  now  points  as  far  to  the  ri^t  of  the  tnif 
point,  C  as  it  did  before  to  its  left. 
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This  is  the  first  example  we  have  had  of  the  invaluable  prin- 
ciple of  Beversionj  wluch  is  used  in  almost  every  test  of  the  accu* 
racy  of  Surveying  and  Astronomical  instruments,  its  peculiar  merit 
being  that  it  doubles  the  real  error,  and  thus  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

(106)  The  instrument,  in  its  most  finished  form,  is  made  of  a 
hollow  brass  cylinder,  which  has  two  pairs  of  slits  exactly  opposite 
to  each  other,  one  of  each  pair  being  narrow  and  the  other  wide, 
with  a  horse-hair  stretched  firom  the  top  to  the  bottom  of  the  latter* 
It  is  also,  sometimes,  made  with  eight  faces,  and  two  more  pain 
of  slits  added,  so  as  to  set  off  half  a  right  angle.  pj^.  cq 


Another  form  is  a  hollow  brass  sphere,  as  in  the 
figure.  This  enables  the  surveyor  to  set  off  perpen- 
pendiculars  on  very  steep  slopes. 


Another  form  of  the  surveyor's  cross  consists  of  two  pairs  Fig^eo 
of  plain  ^^  Sights,"  each  shaped  as  in  the  figure,  placed  at 
the  ends  of  two  bars  at  right  angles  to  each  other.  The 
slit,  and  the  opening  with  a  hair  stretched  from  its  top  to 
its  bottom,  are  respectively  at  the  top  of  one  sight  and  at 
the  bottom  of  the  opposite  sight.*  This  is  used  in  the  same 
manner  as  the  preceding  form,  but  is  less  portable  and  more  liable 
to  get  out  of  order. 

A  temporary  substitute  fi)r  these  instruments  may  be 
made  by  sticking  four  pins  into  the  comers  of  a  square 
piece  of  board ;  and  sighting  across  them,  m  the  direc- 
tion of  the  line  and  at  right  angles  to  it. 

(107)  Optical  SquarCt  The  most  convenient  and  accurate  m 
strument  is,  however,  the  Optical  Square.  The  figures  pve  a  per- 
spective view  of  it,  and  also  a  plan  with  the  lid  removed.  It  is  a 
small  circular  box,  containmg  a  strip  of  looking-glass,  bom  tho 
opper  half  of  which  the  silvering  is  removed.    This  glass  is  placed 


Fig.  61. 


*  Tlir  French  call  the  nnrrow  opezing  eeilleton,  and  the  wide  one  ervUe*. 
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■0  M  to  make  precisely  lialf  a  right  ^'^s-  ^^■ 

aa^e  vriUi  tbe  line  of  dght,  vhich 
passes  tbrongh  a  alit  on  one  aide 
of  the  box,  and  a  vertical  hair 
stretched  across  the  opening  on  the 
other  ude,  or  a  mark  on  the  glass. 
The  box  is  held  in  the  haad  over 
the  spot  where  the  perpendicular  is 
demred,  (a  plumb  line  in  the  hand 
will  gjve  perfect  accuracy)  and 
the  obBerrer  applies  hia  eye  to  the 
slit  A,  looking  through  the  upper 
or  unalvered  part  of  the  glass,  and 
tarns  the  bos  till  he  sees  the  other 
end  of  (he  Une  B,  through  the  open- 
ing G.    The  assistant,  trith  a  rod, 

mores  along  in  the  direction  where  Ae  perpendicular  is  dedred, 
being  seen  in  the  olvered  parts  of  ihe  {^asa,  bj  reflection  through 
the  opemng  D,  till  hia  rod,  at  E,  is  seen  to  coincide  with,  or  to  be 
exactly  under,  the  object  B.  Then  ia  the  hue  DE  at  right  an^es 
to  the  line  AB,  by  the  optical  principle  of  the  equality  of  the  an- 
gles of  incidence  and  reflection. 

To  find  where  a  perpendicular  &om  a  distant  object  would  strike 
the  line,  walk  along  the  line,  with  the  instrument  to  the  eye,  till 
the  im^e  of  the  object  ia  Been,  in  the  silTered  part  of  the  glass,  to 
coincide  with  the  taction  of  the  line  seen  through  the  unBilvered 
part 

The  instrument  may  be  tested  by  ^ghting  along  the  perpendicit 
lar,  and  fixing  a  point  in  the  original  line ;  on  the  principle  ol 
"  ReTeraion.'* 

The  surveyor  can  make  it  for  himself,  &atening  the  glass  in  the 
box  by  four  sLgular  pieces  of  cork,  and  adjusting  it  by  cutting 
away  the  cork  on  one  ade,  and  introducing  wedges  on  the  other 
ride.    The  box  should  be  blackened  inside. 

Another  form  of  the  optical  square  contains  two  glasses,  fixed  ai 
an  angle  of  45°,  and  giving  a  right  angle  on  the  principle  of  the 
Bextaat. 
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(108)  Chain  Perpeniicnlars.    Perpendiculars  may  be  set  out 

with  the  cluun  alone,  by  a  yariety  of  methods*  These  methods 
generally  consist  in  performmg  on  the  ground,  the  operations  exe- 
cuted on  paper  in  practical  geometry,  the  chain  being  used,  in  Hia 
[lace  of  the  compasses,  to  describe  the  necessary  arcs. 

As  these  operations,  however,  are  less  often  used  for  the  method 
»f  surveying  now  to  be  explained,  than  for  overcoming  obstacles  to 
measurement,  it  will  be  more  convenient  to  consider  them  in  that 
connection,  in  Chapter  Y. 

DIAGONALS  AND  PERPENDICULARS. 

(109)  In  Chapter  I,  of  this  Part,  we  have  seen  that  plats  of  sur- 
veys made  with  the  chain  alone,  have  their  contents  most  eaoly 
determmed  by  measuring,  on  the  plat,  the  perpendiculars  of  each 
of  the  triangles,  into  which  the  diagonals  measured  on  the  ground 
have  divided  the  field.  In  the  Method  of  Surveying  by  IHayandU 
and  Perpendiculoarej  now  to  be  explained,  the  perpendiculars  are 
measured  on  the  grovnd.  The  content  of  the  field  can,  therefore, 
be  found  at  once,  (by  adding  together  the  half  products  of  each 
perpendicular  by  the  diagonal  on  which  it  is  let  fall,)  without  the 
necesfflty  of  previously  making  a  plat,  or  of  measuring  the  sides  of 
the  field.  This  is,  therefore,  the  most  rapid  and  easy  method  of 
surveying  when  the  content  alone  is  required,  and  is  particularly 
applicable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  purpose  of  determining  the  number  of  bushels  grown  to  the 
acre,  the  amount  to  be  paid  for  mowing  by  the  acre,  &;c. 

(110)  A  tkree-sIM  Held.  Measure  the  Fig.  63 
longest  side,  as  AB,  and  the  perpendicular, 
CD,  let  fall  on  it  firom  the  opponte  angle  C. 
Tben  the  content  is  equal  to  half  the  product 
of  the  side  by  the  perpendicular.    If  obsta-  3C '    g""  "b 
cles  prevent  this,  find  the  pouit,  where  a  perpendicular  let  fall  from 
an  angle,  as  A,  to  the  opposite  side  produced,  as  BC,  would  meet 
it,  as  at  E  m  the  figure.    Then  half  the  product  of  AE  by  CB  is 
the  content  of  the  trian^e. 
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(ill)  A  fou-sMe4  field. 

Measure  liie  diagonal  AG.  Leave 
marks  ab  the  points  on  this  diago- 
nal at  which  perpendiculars  from  B  j^, 
and  from  D  would  meet  it ;  find- 
ing these  points  by  trial,  as  previ- 
ously directed  in  Arts.  (104)  and 
(107)*  The  best  marks  at  these 
^<  False  Stations/'  have  been  described  in  Art.  (90).  Betum  te 
iliese  £Bklse  stations  and  measure  the  perpendiculus.  When  these 
perpendiculars  are  measured  before  finishing  the  measurement  of 
the  diagonal,  great  care  is  necessary  to  avoid  maldng  mistakes  in 
&e  length  of  the  diagonal,  when  the  chainmen  return  to  continue 
its  measurement.  One  check  is  to  leave  at  the  mark  as  many  pins 
as  have  been  taken  up  by  the  hind-chainman  in  coming  to  that 
point  from  the  beginning  of  the  line. 

Example  9.    Required  the  content  of  the  field  of  Fig.  64. 

Am.  OA.  2B.  29P. 

The  field  may  be  platted  from  these  measuremQpts,  if  desired, 
but  with  more  liability  to  inaccuracy  than  in  the  first  method,  in 
which  the  sides  are  measured.  The  plat  of  the  figure  is  8  chains 
to  1  inch. 

The  field-notes  may  be  taken  by  writing  the  measurements  on  a 

sketch,  as  in  the  figure ;  or  m  more  complicated  cases,  by  the 

column  method,  as  below.    A  new  symbol  may  be  employed,  this 

mark,  ^,  or  Hy  to  show  the  False  Station,  from  which  a  perpen* 

dicular  is  to  be  measured. 

Example  10.     Calculatum. 

sq.  Iks. 
ABC=  J  X  480  X 110  =  26400 

ADC=  J  X  480  X  175=42000 

sq.  eJudns  6.8400 
Acres  0.684 
It  is  still  easier  to  take  the  two 
triangles  together;     multiplying 
the  diagonal  by  the  sum  of  the  per- 
pendiculars and  dividing  by  two. 
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(112)  A  many-sMei  Held.  Fig.  65,  and  the  accompanying 
field-notes  represent  the  field  wUch  was  smrejed  by  the  Firsi 
Method  and  platted  in  Fig.  51. 


Fig.  65. 
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Example  11.  Oaleulatum. 
The  content  of  the  triangles  may 
be  expressed  thus : 

sq.  Iks. 
ABO  =  }x  1142x267=152457 
AEG  =  ixll42x  493=281608 
ODE  =  ix  775x253=  98087 
AEF  =  }X  737x154=  66749 

sq,  chains  58.8746 

Acres  6.88746 

or,  6A.  8R.  22P. 

The  first  two  triangjies  mighi 

have  been  taken  together,  as  b 

the  previous  field. 

Content  calculated  from  th€ 
perpendiculars  will  generally  yar 
ry  slightly  from  that  obtained  bj 
measuring  on  the  plat. 
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(IIS)  A  smaD  field  which  has  many  sides,  may  sometimes  be 
tonyeniently  surveyed  by  taking  one  diagonal  and  measuring  the 
perpendiculars  let  fall  on  it  from  each  angle  of  the  field,  and  thus 
dividing  the  whole  area  into  triangles  and  trapezoids ;  aa  in  Fig.  86, 
page  48. 

The  line  on  which  the  perpendiculars  are  to  be  let  fall,  may  also 
be  outdde  of  the  field,  as  in  Fig.  87,  page  48. 

Such  a  survey  can  be  platted  very  readily,  but  the  length  of  the 
perpendiculars  renders  the  plat  less  accurate. 

This  procedure  supplies  a  transition  to  the  method  of  ^^  Offiets,'' 
which  is  explained  in  the  next  article. 

OFFSETS. 

(114)  Ofiets  are  short  perpendiculars,  measured  from  a  straight 
line,  to  the  angles  of  a  crooked  or  mgsag  line,  near  which  the  straight 
Ime  runs.      Thus,  in  the  figure,                     ^'^s-  66. 
let  AODB  be  a  crooked  fence,  ? B 


1.00 


D 
C 


toB. 


bounding  one  nde  of  afield.  Chain  ^. 
along  the  straight  line  AB,  which  runs  fix>m  one  end  of  the  fence 
to  the  other,  and,  when  opposite  each  comer,  note  the  distance 
from  the  beginning,  or  the  point  A,  and  also  measure  and  note  the 
perpendicular  distance  of  each  comer  0  and  D  from  the  line. 
These  comers  will  then  be  ^^  determined^'  by  the  Second  Method, 
Art.  (6). 

The  Hold-notes,  corresponding  to  Fig. 
66,  are  as  in  the  margin.  The  measure- 
ments along  the  line  are  written  in  the 
colmnn,  as  before,  counting  from  the  be- 
ginning of  the  line,  and  the  offiiets  are 
written  beside  it,  on  the  right  or  left,  oppo- 
mte  the  distance  at  which  they  are  taken. 
A  sketch  of  the  crooked  line  is  also  usually  From  A  0 
made  in  the  Field-notes,  though  not  abso- 
lutely necessary  in  so  simple  a  case  as 
this.  The  letters  G  and  D  would  not  be  used  in  practice,  but  are 
here  inserted  to  show  the  connection  between  the  field-notes  and 
&e  plat. 
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In  taking  the  Held-Notes,  the  widths  of  the  o&ets  should  no* 
be  drawn  prcportionally  to  the  distances  between  them,  but  the 
breadths  should  be  greatlj  exaggerated  in  prc^rtion  to  the  lengths. 

(llf )  A  more  extended  example,  with  a  little  different  notation, 
is  given  below.  In  the  figure,  which  is  on  a  scale  of  8  chains  to 
one  inch  for  the  distances  along  the  line,  the  breadths  of  the  offieti 
are  exaggerated  to  four  times  their  true  proportional  dimensions. 

Fig.  67. 
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(116)  The  plat  and  Held-notes  r>f  the  position  of  two  nouses, 
determined  by  ofiets,  are  given  below  on  a  scale  of  2  chains  to  1 
inch. 
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Fig.  68. 
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(117)  Double  o&ets  are  sometimes  convenient;  and  sometimea 
triple  and  quadruple  ones.  Below  are  ^ren  the  notes  and  the 
plat,  1  chain  to  1  inch,  of  a  road  of  varying  width,  both  sides  of 
which  are  determined  by  double  o&ets.  It  will  be  seen  that  the 
line  AS  crosses  one  side  of  the  road  at  160  Imks  firom  A,  and  the 
other  side  of  it  at  220. 


«Bir.  ni.] 
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Two  methodfl  of  keeping  Ute  ileld-notes  are  ^ven.  In  ihe  first 
form,  the  offiets  to  each  fude  of  the  road  are  g}yen  separately  and 
eonnected  by  the  ngn  +•  In  the  second  form,  the  total  distance 
of  the  second  ofiet  is  ^ren,  and  the  two  measoremenis  connected 
by  the  word ''  to."    This  is  earner  both  for  measuring  and  platting. 
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(118)  These  oflbets  may  generally  be  taken  with  sufficient  aooun^ 
07  by  measaring  them  as  nearly  at  right  angles  to  the  base  line  as  the 
•ye  can  estimate*  The  surveyor  should  stand  by  the  chain,  facing 
ike  fence,  at  the  place  which  he  thinks  opposite  to  the  comer  to 
which  he  wishes  to  take  an  oftet,  and  measure  ^^  square"  to  it  by 
llie  eye,  which  a  little  practice  will  enable  him  to  do  with  much 
•ttTOctness. 


78  CHAIN  SVRTETING.  [part  u 

The  offiietB  may  be  measured,  if  short,  with  an  Offutritaffj  a 
li^t  stick,  10  or  15  links  in  length,  and  divided  accordingjij ;  or 
if  they  are  long,  with  a  tape.  They  are  generally  but  a  few  links 
in  length.  A  chain's  length  should  be  the  extreme  linnt,  as  laid 
down  by  the  English  ^^  Tithe  Commissioners,"  and  that  should  be 
employed  only  in  exceptional  cases.  When  the  ^^  Cross-staff"  is 
in  use,  its  divided  length  of  8  links,  renders  the  o&et^taff  need- 
less. 

When  offiiets  are  to  be  taken,  the  method  of  chaining  to  the 
end  of  a  line,  described  in  Art.  (2S),  page  21,  is  somewhat  modi- 
fied. After  the  leader  arrives  at  the  end  of  the  line,  he  should 
draw  on  the  chain  till  the  follower,  with  the  back  end  of  the  chain, 
reaches  the  last  pin  set.  This  facilitates  the  counting  of  the  links 
to  the  places  at  which  the  ofi^ts  are  taken. 

The  oflEsets  are  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  is,  to  every  point  where  it  changes  its  direc- 
tion. These  angles  or  prominent  bends  can  be  best  found  by  one 
of  the  party  walking  along  the  crooked  fence  and  directing  another 
at  the  chain  what  points  to  measure  oppodte  to.  If  the  line  which 
is  to  be  thus  determined  is  curved^  the  o&ets  should  be  taken  to 
points  so  near  each  other,  that  the  portions  of  the  curved  line  lying 
between  them  may,  without  much  error,  be  regarded  as  straight. 
It  will  be  most  convenient,  for  the  subsequent  calculations,  to  take 
the  o&ets  at  equal  distances  apart  along  the  strai^t  line  from 
which  they  are  measured. 

In  the  case  of  a  crooked  brook,  such  as  is  shown  in  the  figure 
pven  below,  ofl&ets  should  be  taken  to  the  most  promment  angles, 
such  as  are  marked  a  a  a  in  the  figure,  and  the  intermediate  bends 
may  be  merely  sketched  by  eye. 

Fig.  7tt 


When  o&ets  from  lines  measured  around  a  field  are  taken  inddo 
of  these  bounding  lines,  they  are  sometimes  distinguished  as  Jntefa 
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(119)  riattli^c.    The  moat  rapid  meHiDd  of  plattiikg  the  o&ete, 

b  by  4lie  use  of  a  PlttiUng  Scale  (described  in  Art.  49)  and  an 

€ff%et  Scale,  irhich  is  a  short  scale  divided  on  its  edges  like  a 

letting  scale,  but  having  its  zero  id  the  middle,  as  m  the  figure. 

Fig.  ri 


The  {Jatting  scale  is  placed  parallel  to  the  line,  with  its  zero 
point  oppofflte  to  the  beginnmg  of  the  line.  The  o&et  scale  is 
slid  along  the  platting  scale,  till  its  edge  comes  to  a  distance  on 
the  tatter  at  which  an  ol^t  bad  been  taken,  the  length  of  which  is 
marked  off  with  a  needle  •pcmit  from  the  ofl&et  scale.  This  is  then 
did  on  to  the  next  distance,  sud  the  operation  is  repeated.  If 
one  person  reads  off  the  field-notes,  and  another  plats,  the  opera- 
ti<Ht  vrill  be  greatly  lacilitated.  The  points  thus  obtuned  are 
joined  by  strught  Imes,  and  a  miniature  copy  of  the  cmred  line  is 
thus  obtained ;  all  the  operations  of  the  ptatting  being  merely  re- 
petitions of  the  measurements  made  on  the  ground. 

If  no  ofiset  scale  is  at  hand,  make  one  of  a  strip  of  iMck  drawing 
paper,  or  pasteboard ;  or  use  the  platting  scale  itself,  turned  cron- 
ways,  having  previously  marked  off  from  it  the  points  from  which 
the  o&ets  had  been  taken. 

In  jdats  made  on  a  small  scale,  the  shorter  offsets  are  best  esti 
mated  by  eye. 

On  the  Ordnance  Survey  of  Ireland,  the  platting  of  offiets  is 
fiwilitated  by  the  use  of  a  combination  of  the  offiiet  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it. 

(IN)  Calcilatl^  CvitCBt.  When  tbe  crooked  line  deter- 
Buned  by  o&eta  is  tiie  boundary  of  a  field,  the  content,  enclosed 
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oecween  it  and  the  straight  line  surveyed,  must  be  determined, 
that  it  may  be  added  to,  or  subtracted  from,  the  C(Hitent  of  the 
field  bounded  by  the  straight  lines.  There  are  various  me&ods  of 
effecting  this. 

The  area  enclosed  between  the  straigiht  and  the  crooked  lines  is 
divided  up  by  the  o&ets  into  triangles  and  trapezaicbj  the  content 
of  which  may  be  calculated  separately  by  Arts.  (tS)  and  (67), 
and  then  added  together.  The  content  of  the  plat  on  page  76, 
will,  therefore,  be  150a  +  4125  +  625  =  6250  square  links  = 
0.625  square  chain.  The  content  of  ihe  plat  on  page  76,  will  m 
like  manner  be  found  to  be,  on  the  left  of  the  straight  line  80,000 
square  links,  and  on  its  right  5,000  square  links. 

(121)  When  the  offsets  have  been  taken  at  equal  distances^  the 
content  may  be  more  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  oflbet,  and  all  the  intermediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  between  the  oiF> 
sets.    This  rule  is  merely  an  abbreviation  of  the  preceding  one. 

Thus,  in  the  plat  of  page  76,  the  distances  being  equal,  the  con- 
tent of  the  offiets  on  the  left  of  the  straight  line  will  be  120  x  250 
sr  80,000  square  links,  and  on  the  right  20  x  250  =  5,000 
square  links ;  the  same  results  as  before. 

When  the  line  determmed  by  the  o&ets  is  a  curved  line,  ^*  Simp- 
son's rule"  ^ves  the  content  more  accurately.  To  employ  it,  an 
even  number  of  equal  distances  must  have  been  measured  in  the 
part  to  be  calculated.  Then  add  together  the  first  and  last  ofl^t, 
four  times  the  sum  of  the  even  offsets,  (i.  e.  the  2d,  4th,  6th,  &c.,) 
and  twice  the  sum  of  the  odd  offsets,  (i.  e.  the  8d,  5th,  7th,  &c.,) 
not  including  the  first  aaod  the  last.  Multiply  the  sum  by  one  of 
the  equal  distances  between  the  o&ets,  and  divide  by  3.  Tlie 
quotient  will  be  the  area. 

Example  12.  The  offsets  from  a  straight  line  to  a  curved  fence, 
were  8,  9,  U,  15, 16, 14,  9,  links,  at  equal  distances  of  u  links. 
What  was  tiie  content  included  between  the  curved  fence  and  the 
straight  Ime  ?  Am.      871.666 
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(122)  Many  eironeons  rules  have  been  ^ven  on  Uiis  part  of  the 
subject.  One  rule  directs  the  surveyor  to  divide  the  sum  of  all 
the  oflbets  by  one  lessi  than  their  number,  and  multiply  the  quotient 
by  the  vhole  length  of  the  straight  line ;  or,  what  is  the  same  things 
to  multiply  tiie  sum  of  ^1  the  o&ets  by  the  common  distance  be* 
tvreen  them.  This  will  be  correct  only  when  the  o£&ets  at  each 
end  of  the  line  are  nothing,  i.  e.  when  the  curved  line  starts  from 
the  straight  line  and  returns  to  it  at  the  be^nning  and  end  of  one 
of  the  equal  distances.  In  all  other  cases  it  will  give  too  much. 
A  eeeand  rule  directs  the  surveyor  to  divide  the  sum  of  all  the  off^ 
sets  by  their  number,  and  then  to  multiply  the  quotient  by  the 
whole  straight  line.  This  may  give  too  much,  or  too  littie,  accord* 
ing  to  circumstances. 

Suppose  oflEsets  of  10,  30,  20,  80,  50,  80,  links,  to  have  been 
taken  at  equal  distances  of  a  chain.  The  correct  content  of  tiie 
enclosed  space  is  200  X  100  =  2  square  chains.  The  first  of  the 
above  rules  would  ^ve  2.2  square  chains,  and  the  second  would 
g^ve  1.8833  chains. 

(12S)  Reducing  to  one  triangle  the  many-sided  figure  which  is 
formed  by  the  ofl&ets,  is  the  method  of  calculation  sometimes  adopted. 
This  has  been  fully  explained  in  Part  I,  Art.  (78),  &;c.  The 
method  of  Art.  (83)  is  best  adapted  for  this  purpose. 

(124)  Equalizing,  or  giving  and  taking^  is  an  approximate 
mode  of  calculation  much  used  by  practical  surveyors.  A  crooked 
fine,  determined  by  o&ets,  having  been  platted,  a  straight  line  is 
drawn  on  the  plat,  across  the  crooked  line,  leaving  as  much  space 
outdde  of  the  straight  line  as  inside  of  it,  as  nearly  as  can  be  esti- 
mated by  the  eye,  ^^  Equalizing''  it,  or  '^  Giving  and  taking"  equal 

Fig.  72. 


portions.  The  straight  Ime  is  best  determined  by  laying  across 
the  irregular  outline  the  straight  edge  of  a  piece  of  transparent 
bom,  or  tracing  paper,  or  ^ass,  or  a  fine  thread  or  horse-hair 
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Btretched  straight  by  a  light  bov  of  whalebone.  In  practical 
hands,  this  method  is  sufficientlj  accurate  m  most  cases.  The  stu* 
dent  will  do  well  to  try  it  on  figures,  the  content  of  which  he  haf 
previously  ascertained  by  perfectly  accurate  methods* 

Sometimes  this  method  may  be  advantageously  combined  with 
the  preceding;  short  lengths  of  the  croooked  boundary  being 
^  Equalized/'  and  the  fewer  resulting  ngzags  reduced  to  one  line 
by  the  method  of  Art.  (7S)^  ke. 


CHAPTER  IV. 


8UR?E¥IN«  BT  THE  PRECEDING  METHODS  COMBINED. 

125)  All  the  methods  which  have  been  explained  in  the  three 
preceding  chapters — Surveying  by  IHagondUy  by  TMine%y  and 
by  Perpendiculars  y  particularly  in  the  form  of  ofbets — are  fire- 
quentiy  required  in  ihe  same  survey.  The  method  by  DiagandlM 
should  be  the  leading  one ;  in  some  parts  of  the  survey,  obstaolef 
to  the  measurement  of  diagonals  may  require  the  use  of  lHe4ins8^ 
and  if  the  fences  are  crooked,  straight  lines  are  to  be  measured 
near  them,  and  their  crooks  determined  by  Offsets. 

(126)  Offsets  are  necessary  additions  to  almost  every  other 
metiiod  of  surveying.  In  the  smallest  field,  surveyed  by  diagonals, 
unless  all  the  fences  are  perfectiy  straight  lines,  their  bends  must 
be  determined  by  o&ets.  The  plat  (scale  of  1  chain  to  1  inch), 
and  field-notes,  of  such  a  case  are  ^ven  below.    A  sufficient  num- 
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ber  of  the  aidefl,  diagonals,  and  proof-lines,  to  prove  the  work,  should 
be  platted  before  platting  the  oflsets. 
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ExampU  13.    Required  Ihe  con- 
lent  of  the  above  field.        Am. 


(127)  FleM-books.  The  difficulty  and  the  unportance  of  keep 
mg  the  field-notes  clearly  and  distinctlj,  increase  with  each  new 
eombination  of  methods.  For  this  reason,  three  different  methods 
ef  keeping  the  field-notes  of  the  same  survey  will  now  be  ^ven, 
(firom  Bourns'  Surveying),  and  a  careful  comparison  by  the  stu- 
ient  of  the  corresponding  portions  of  each  will  be  very  profitable 
to  him. 
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FidirBook  No.  1  (Fig.  74)  shews  tiie  Sketch  method,  expUb 
sd  m  Art.  (94). 


CBA*.  IT.*] 
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FIELD-BOOK  N*.  2. 
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JKddrBook  No.  2  (^g.  76)  ahews  Qie  Colimn  method,  ezdaiD 
od  in  Art.  (tS). 
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FIELD-BOOK  No.  8. 


Field  Book  yb.  8  (Fig.  '^G)  is  a  conyenient  combination  of  ihf 
two  preceding  methods.  The  bottom  of  the  Book  is  at  the  ride  of 
tliis  figure,  at  A. 


chap.it.] 
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(128)  It  win  easily  appear  from  the  sketch  of  Field-book  No.  1, 
how  much  time  and  labor  may  be  saved,  or  lost,  by  tixe  maimer  of 
doing  the  work.  Thus,  beg^mung  at  A,  and  measuring  750  links, 
a  pole  should  be  left  tiiere,  and  the  line  to  the  right  measured  tc 
17  chains,  or  C,  leaving  a  pole  at  12.80  as  a  new  starting  point  by 
and  by.  Then  fix)m  G  measure  1 9  chains  to  A  again ;  then  mea- 
sure from  A  to  B,  and  from  B  back  to  the  pole  left  at  7.50  on  the 
main  line. 

(129)  The  example  which  will  now  be  ^ven  shows  part  of  the 
field-notes,  the  plat,  (on  a  scale  of  6  inches  to  1  mile  [1 :  10,560]), 
and  a  partial  calculation  of  the  ^^  filling  up"  of  a  large  triangle, 
the  angular  points  of  which  are  supposed  to  have  been  determined 
by  the  methods  of  Geodedo  Surveying.  They  should  be  well 
studied.* 


Fig.  77. 


*  Oapt.  Fbomi,  in  hii  '*  Trigonometrical  Snirey,'*  from  which  thia  azam|>!« 
kas  been  condenaedy  remarki,  ''  It  may,  perhaps,  be  thooght  that  too  mnch  itreM 
!•  laid  on^brmt;  but  method  la  a  moat  easential  part  of  an  undertaking  of  magiii> 
lode :  ana  without  excellent  preliminary  arranffements  to  ensnre  nniformity  in 
all  the  moat  trifling  details,  the  work  never  could  go  on  creditably." 
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In  the  aboTe  specimen  of  a  field-book,  (which  resembles  Qiat  <« 
page  86),  all  oi&ets,  except  iliose  having  relation  to  the  boandai; 
fines,  are  purposely  omitted,  to  prevent  confusion,  the  example 
being  ^ven  solely  to  illustrate  the  method  of  calculating  these 
larger  divisions.  Bou^  diagrams  are  drawn  in  the  field-book  not 
to  any  scale,  but  merely  bearing  some  sort  of  resemblance  to  the 
lines  measured  on  ik&  ground,  for  ike  purpose  of  showing,  at  any 
period  of  Hno  work,  their  directions  and  how  Hiey  are  to  be  connect* 
ed ;  and  also  of  eventually  asdsting  in  laying  down  the  diagram 
and  content  plat.  On  these  rou^  diagrams  are  written  the  fi» 
tinciive  letters  by  which  each  fine  is  marked  in  the  field-book,  and  also 
its  length,  and  the  distances  between  points  marked  upon  it,  &om 
which  other  measurements  branch  off  to  connect  ihe  interior  por- 
tions of  the  district  surveyed. 

(ISO)  CalcMlationSt  The  calculation  of  one  of  the  figures,  I0» 
k  ^ven  below  in  detul.  It  is  composed  of  the  triangle  DPQ,  with 
dEiets  along  the  tddes  PQ ;  and  of  the  triangle  DWX,  with  ofieti 
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along  tlie  ffldes  PW  and  YfX..  From  the  conient  thus  obtained 
mast  be  sabtracted  tibe  offiets  on  PQ,  belon^g  to  the  figure  ]!,> 
and  those  on  WX  belonging  to  &e  figure  Si.  When  the  offiets 
■re  trian^es,  (right  an^ed,  of  course),  the  base  and  perpendicular 
are  put  doim  as  two  udes;  when  Ihey  are  trapezoids,  tibe  two 
parallel  ndes  and  the  distance  between  them  occupy  tibe  columns 
«f«ndes." 
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The  other  figorea,  comprised  within  the  large  triangle,  are  record^ 
ed  and  calculated  in  a  sinular  manner.  An  abridged  re^fiter  of 
the  results  is  ^ven  below. 

r 
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672.9195 


The  accuracy  of  the  preceding  calculations  of  the  separate  figures 
must  now  be  tested  bj  comparing  the  sum  of  their  areas  with  that 
of  the  large  triangle  AOD,  which  comprises  them  all.  Their  area 
must  previously  be  increased  by  the  o&ets  on  the  lines  GS  and  CH, 
which  had  been  deducted  from  I,  and  which  amount  respectively 
to  3.5270  and  2.8690.  The  total  areas  will  then  equal  679.3155 
square  chains.  That  of  the  triangle  AOD  is  679.5032 ;  a  differ- 
ence of  less  than  a  fifth  of  a  square  chain,  or  a  fiftieth  of  an  acre ; 
or  about  one-fortieth  of  one  per  cent,  on  the  total  area. 

(ISl)  The  six  lliieSt  In  most  cases,  great  or  small,  stx  /urh 
dam&ntcX  lines  will  need  to  be  measured ;  viz.  four  approximate 
boundary  lines,  forming  a  quadrilateral,  and  its  two  diagonals. 
BmaU  triangjles,  to  determine  prominent  points,  can  be  formed  within 
and  without  these  main  lines  by  the  First  Method,  Art.  (5), 
and  the  lesser  irregularities  can  be  determined  by  oflbets. 
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Fig.  78. 


Thus,  in  the  above  figore,  two  straight  lines  AB  and  CD  are 
ueasored  throng  the  entire  length  and  breadth  of  the  farm,  or 
township,  which  is  to  be  surveyed.  The  connecting  lines  AO,  OB, 
BD  and  DA  are  also  measured,  uniting  the  extremities  of  the 
first  two  lines.  The  last  four  lines  thus  form  a  quadrilateral,  which 
is  divided  into  two  trian^es  by  one  of  the  first  measured  Imes, 
while  the  second  serves  as  a  proof-line.  The  distance  from  the 
intersection  of  the  two  diagonals  to  the  extremities  of  each,  being 
mmsured  on  the  ground  and  on  the  plat,  afifords  an  additional  test. 

Other  points  of  the  district  surveyed  (as  E,  O,  K.,  &c.,  in  the 
figure,)  are  determined  by  measuring  the  distances  from  them  to 
known  points  (as  M,  N,  P,  B,  &c.,  in  the  figure)  situated  on  some 
of  the  six  fundamental  Imes,  thus  forming  the  triangles  T9  T* 

The  intersection  0  of  the  main  diagonals,  and  also  the  intersec- 
tions  of  the  various  minor  lines  with  the  main  lines  and  with  each 
oilier,  should  all  be  carefully  noted,  as  additional  checks  when  the 
work  comes  to  be  platted. 
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The  larger  figures  are  determined  first,  and  tlie  smaller  ones 
based  upon  them,  in  accordance  with  this  important  principle  in 
an  surreying  operations,  always  to  work  from  the  whole  to  the 
parts,  aod  from  greater  to  less.  The  unavoidable  inaccuracies  are 
thus  suboUvided  and  diminished.  The  opposite  course  would  accu- 
mulate and  magnify  them. 

These  additional  lines,  which  form  secondary  triangles,  should 
be  80  chosen  and  ranged  as  to  pass  through  and  near  as  many  ob- 
jects as  possible,  in  order  to  require  as  few  and  as  short  o&ets  as 
the  position  of  the  lines  will  permit ;  the  smaller  irregularities  being 
determined  by  offiiets  as  usual.  It  is  better  to  measure  too  many 
lines  than  too  few,  and  to  establish  unnecessary  ^^  false  stations," 
rather  than  not  to  have  enough. 


(132)  Exceptional  easeSt  The  preceding  arrangement  of  lines, 
though  in  most  cases  the  best,  may  sometimes  be  varied  with  ad- 
vantage. Unless  the  farm  surveyed  be  of  a  shape  nearly  as  broad 
as  long,  the  two  diagonals  will  cross  each  other  obliquely,  instead 
of  nearly  at  right  angles,  as  is  deorable. 


When  the  &rm  is  much 
longer  than  it  is  wide,  two 
systems,  of  six  lines  each, 
may  be  used  with  much 
advantage,  as  in  Hg.  79. 
Several  such  may  be  com- 
bined when  necessary. 


Fig.  79 


i?ig.  80. 


In  a  case  like  that  m  Hg* 
80,  five  lines  will  be  better 
than  six,  and  will  tie  one  an- 
other together,  their  points  of 
intersection  being  carefully 
noted. 


'.  n.]         DUsoulB,  Tle-liBCS  itA  Oflbets. 

Fig  81 


La  the  &nii  represented  in 
fig.  81,  the  Bystem  of  lines 
there  shovn  la  the  best,  and 
they  will  also  tie  one  another. 


(iSSi)  Much  difficulty  vill  often  be  found  in  ran^ng  and  mea* 
mring  the  long  Imea  required  hy  this  method  in  extenaiTe  Barrels, 
Various  contrivanceB  for  overcoming  the  obstacles  which  ma^  bo 
met  with,  will  be  explained  in  the  following  chapter.  It  will  often 
be  coDTenient  to  measure  the  nunor  lines  along  roads,  lanes, 
paths,  kc,  although  tbej  ma;  not  lie  in  the  moat  desirable  direo- 
lions.  Steeples,  chimneys,  remarkable  trees,  and  other  objecta  of 
that  chuacter,  may  often  be  sighted  to,  and  the  line  measured  to- 
wards them,  with  much  saving  of  time  and  labor.  The  point  where 
the  measured  lines  cross  one  another  should  always  be  noted,  and 
ihey  will  thus  form  a  very  complete  series  of  tie-lines.* 

A  view  of  the  district  te  be  surveyed,  taken  from  some  elevated 
pOBiti<m,  vrill  be  of  much  aseistaitce  in  planning  the  general  direc- 
tion of  the  lines  to  be  measured. 


(134)  loaceesslble  Areas.  Fig.  te. 

A  combination  of  offiels  and 
tie^es  supplies  an  easy  me* 
thod  of  surveying  an  inaccea- 
$3>le  area,  such  as  a  pond, 
swamp,  forest,  block  of  houses, 
&c.,  as  appears  from  the  fi- 
gure ;  in  which  external  bound- 
ing lines  are  taken  at  will  and 

■  To  find  ths  exact  point  of  intenection  d  theie  lima,  whiob  srs  odIt  viml 
Kdcs,"  fezplained  id  Art  (19),)  tbree  pcnoni  ire  DeceMkry:  one  ■tenil*  U  •oice 
point  tn  one  of  the  linei  and  lighU  to  lome  olher  point  on  it  t  a  •econd  doea  the 
nme  on  the  lecond  line ;  by  ligiu  t)iHy_  direct,  to  riiht  or  lell,  the  novetaenti  of  ■ 
third  penon,  who  boldi  a  rod,  till  he  t*  placed  in  both  of  the  line*  and  Ihni  «l 
"■--— ■■"   OQ  the  principle  of  An.  (11). 
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meaaared,and  lied  by  "tie^ines'-'  measured  between  these  lines, 
prolonged  when  necesBuy,  ae  in  Art.  (101),  while  o&etB&can 
them  detennine  the  irregularities  of  the  actual  boundaries  of  the 
pond,  &o. 

These  offsets  are  ituett,  and  their  content  is,  of  course,  to  be 
subtracted  from  the  content  of  the  principal  figure. 

Eren  a  circular  field  mi^t  thus  be  approzimatcilj  measured  from 
the  outzdde. 

If  the  shape  of  &&  field  admits  of  ^'S-  *>• 

it,  it  will  be  preferable  to  measure 
fonr  lines  about  (he  field  in  sach 
directaoDS  as  to  enclose  it  in  a  rect- 
angle, and  to  measure  ofl^ts  from  &e 
udes  of  this  to  the  angles  of  the 
field. 


(ISf)  When  one  of  the  Imes  with  which  f'f-  M 

an  inaccessible  field  is  surrounded,  as  in 
the  last  two  figures,  cuts  a  comer  of  the 
field,  as  in  f^g.  84,  the  trian^e  ABC  is 
to  be  deducted  from  the  content  of  the 
flnclo^g  figure,  and  the  triangle  CDE 
added  to  it.  The  triangle  DEF  is  also  d<^ 
to  be  added,  and  the  triangle  FGH  de- 
ducted. To  do  this  directly,  it  would  be 
necessary  to  find  the  points  of  intersection 
C  and  F.  But  this  may  be  difficult,  and 
can  be  dispensed  wiUi  by  obtuning  the 
diflference  of  each  pair  of  triangles.  The 
difference  of  ABC  and  CDE  will  be  ob- 
ttuoed  at  once  by  multiplying  the  cUfiei^ 
ence  of  the  o^ts  AB  and  DE  by  half  of  BE ;  and  the  difierene« 
of  DEF  and  FGH  by  multiplj^  the  difierence  of  DE  and  OH 
by  half  of  EG.* 
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(IM)  RoadSt    A  ^winding  Boad  may  also  be  surveyed  thus,  as 
shown  in  Kg.  85 ;  straight  lines  being  measured  in  the  road, 

Fig.  S5. 


fiieir  changes  in  direction  determined  by  tie-lines,  tying  one  line  to 
the  preceding  one  prolonged,  as  explained  in  Chapter  11,  of  this 
Part,  and  points  in  the  road-fences,  on  each  side  of  these  straight 
I,  being  determined  by  ofi&ets. 


A  Rlrer  may  also  be  supposed  to  be  represented  by  the  above 
winding  lines ;  and  the  lower  set  of  lines,  tied  to  one  another  as 
before,  and  with  offitets  from  them  to  the  water's  edge,  will  be  sujt 
fident  for  making  an  accurate  survey  of  one  side  of  the  river. 

(187)  Towns*  A  town  could  be  surveyed  and  mapped  in  the 
same  manner,  by  measuring  straight  lines  through  all  the  streets, 
determining  their  angles  by  tie-lines,  and  taking  offsets  from  them 
to  Ae  blocks  of  houses. 
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CHAPTER  V. 


OBSTACLES  TO  MEASCREMENT  IN  CHAIN  SURYEnNG. 

(1S8)  In  the  practice  of  tihe  various  metiiods  of  surveying  whicb 
have  been  explained,  the  hills  and  valleys  which  are  to  be  crossed, 
the  sheets  of  water  which  are  to  be  passed  over,  the  woods  and 
houses  which  are  to  be  gone  through — all  these  form  obstacles  to 
the  measurement  of  the  necessary  lines  which  are  to  join  certm 
points,  or  to  be  prolonged  in  the  same  direction.  Many  special 
precautions  and  contrivances  are,  therefore,  rendered  necessary ; 
and  the  best  methods  to  be  employed,  when  the  chain  alone  is  to 
be  used,  will  be  ^ven  in  the  present  chapter. 

(189)  The  methods  now  to  be  given  for  overcoming  the  various 
obstacles  met  with  in  practice,  constitute  a  Land-Geohetrt. 
lia  problems  are  performed  on  the  ground  instead  of  on 
paper :  its  compasses  are  a  chain  fixed  at  one  end  and  free  to  swing 
around  with  the  other ;  its  scale  is  the  chain  itself;  and  its  ruler 
IS  the  same  chain  stretohed  tight.  Its  advantages  are  that  its  sin- 
gle instrument,  (or  a  substitute  for  it,  such  as  a  tape,  a  rope,  &c.) 
can  be  found  anywhere ;  and  its  only  auxiliaries  are  equally  easy 
to  obtain,  being  a  few  straight  and  slender  rods,  and  a  plumb-line, 
for  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substitute. 

Many  of  these  problems  require  the  employment  of  perpendicu- 
lar and  parallel  lines.  For  this  reason  we  will  commence  wiih  this 
class  of  Problems. 

The  Demonstrations  of  these  problems  will  be  placed  in  an  Ap- 
pendix to  this  volume,  which  will  be  the  most  convenient  arrange- 
ment for  the  two  great  classes  of  students  of  surveying ;  those  who 
wish  merely  the  practice  without  tiie  principles,  and  those  who  wish 
to  secure  both. 

The  elegant  ^^  Theory  of  Transversals"  will  be  an  important  ele- 
ment in  some  of  these  demonstrations.  All  of  them  will  constitute 
excellent  exercises  for  students. 
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PROBLEMS  ON  PERPENDICULARS/ 
FroUem  !•     lb  erect  a  perpendicular  at  any  point  of  a  Uim. 

(110)  First  Method.  Let  A  be  the 
point  at  which  a  perpendicular  to  the  line  is 
to  be  set  out.  Measure  off  equal  distances 
AB,  AC,  on  each  side  of  the  point.  Take 
%  portion  of  the  chain  not  quite  1^  limes  as 
ling  88  AB  or  AC,  fix  one  end  of  this  at  B, 
and  describe  an  arc  with  the  other  end. 
Do  the  same  from  C.  The  intersection  of  these  arcs  wiU  fix  a  point 
D.  AD  'will  be  the  perpendicular  required.  Bepeat  the  operation 
on  the  other  side  of  the  line.  If  that  is  impossible,  repeat  it  on 
the  side  inth  a  different  length  of  chain. 


(141)  Second  Method,  Measure  off  as  be- 
fore, equal  distances  AB,  AC,  but  each  about 
(mlj  one-third  of  the  chaiu.  Fasten  the  ends 
of  the  chain  with  two  pins  at  B  and  C.  Stretch  ^ 
it  out  on  one  side  of  the  line  and  put  a  pin  at  the 
middle  of  it,  D.  Do  the  same  on  the  other 
side  of  the  line,  and  set  a  pin  at  E.  Then  is  DE  a  perpendicular 
to  BC.  K  it  is  impossible  to  perform  the  operation  on  both  sides 
of  the  line,  repeat  it  on  the  same  side  with  a  different  length  of 
chain,  as  shown  bj  the  Unes  BF  and  CF  in  the  figure,  so  as  to  get 
a  second  point 

(142)  Other  Methods.    All  the  methods  to  be  given  for  tho 
next  problem  may  be  applied  to  this. 


'  Many  of  these  methods  would  Beldom  be  re(|T]ired  in  practice,  but  cases  scnne> 
limes  occor,  as  every  surveyor  of  much  experience  in  Field-work  has  found  to 
his  serioas  mconveuience,  in  which  some  peculiarity  of  the  local  circa mstancos 
forbids  any  of  the  usual  methods  being  applied.  Zn  such  cases  the  collection  hero 
given  wiU  be  found  of  great  value. 

In  all  the  figures,  tlie  given  and  measured  lines  are  drawn  witn  fine  full  lines , 
Jie  visaal  lines,  or  lines  of  sight,  with  broken  lines,  and  the  lines  of  the  resmt 
with  heavy  full  lines.  The  points  which  are  centres  around  which  the  chain  is 
twang,  are  enclosed  in  circles.  The  alphabetical  order  of  the  letters  attached  to 
the  points  shows  in  what  order  they  are  taken. 
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PrtUen  2«  To  erect  a  perpendicular  to  a  line  at  a  given  poiMt^ 
when  the  paint  is  at  or  near  the  end  of  the  Une. 

(143)  First  Method      Measure  F>g-8&  » 

40  links  along  the  line.  Let  one  as- 
nstant  hold  one  end  of  the  chain  at 
that  point ;  let  a  second  hold  the  20 
link  mark  which  is  nearest  ihe  other 
end,  at  the  ^ven  point  A,  and  let  a 
third  take  the  50  link  mark^  and 
tighten  the  chain,  drawing  equallj  on  both  portions  of  it.  Then 
will  ihe  50  link  mark  be  in  the  perpendicular  desired.  Bepeat 
the  operation  on  the  other  side  of  the  line  so  as  to  test  the  work. 

The  above  numbers  are  the  most  easily  remembered,  but  the 
longer  the  lines  measured  the  better ;  and  nearly  the  whole  chain 
may  be  used,  thus :  Fix  down  the  86ih  link  from  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Fix  the 
other  end  of  the  chain  also  at  B.  Take  the  40th  link  mark  from 
this  last  end,  and  draw  the  chain  tight,  and  this  mark  will  be  in 
the  perpendicular  desired.  The  sides  of  the  triangle  formed  by 
the  chain  will  be  24,  82  and  40. 


(144)  Otherwise  :  using  a  50  feet 
tape,  hold  the  16  feet  mark  at  A ; 
hold  the  48  feet  mark  and  the  ling- 
end  of  the  tape  together  on  the  line ; 
take  the  28  feet  mark  of  the  tape,  and 
draw  it  tight ;  then  will  the  28  feet 
mark  be  in  the  perpendicular  desired. 


Fig.  89. 


as 


(145)  Second  Method.  Hold  one  end 
of  the  chiun  at  A  and  fix  the  other  end  at  a 
point  B,  taken  at  will.  Swing  the  chain 
around  B  as  a  centre,  till  it  again  meets  the 
line  at  C.  Then  carry  the  same  end  around 
(the  other  end  remaining  at  B)  till  it  comes 
in  the  Ime  of  CB  at  D.  AD  is  the  perpen- 
dic;uQr  required. 


Fig.  90. 


C"-^ ^-A 
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(116)   Third  Method.    Let  A  be  the  g^yen  Fig.  91. 

p(unt.     Choose  any  point  B.    Measure  BA. 

Set  off,  on  the  given  line,  AG  =  AB.    On  GB 

2  AC 
produced  set  off  firom  G,  a  distance  =    pp  . 

This  will  fix  the  point  D,  and  AD  will  be  the 
perpendicular  required. 

(147)  Fovarth  Method.  From  the  pig.  92. 
^ven  point  A  set  off  on  the  giyen  line 
any  distance  AB.  From  B,  in  any 
conyenient  direction,  set  off  BG  =  AB. 
Then  on  the  ^yen  line,  set  off  AD  = 
AG.  On  GB  prolonged,  set  off  GE  = 
AD.  Join  DE ;  and  on  DE,  from  D,  set  off  DF  =  2  AB.  Then 
will  the  line  AF  be  perpendicular  to  the  line  AD  at  the  point  A. 

ProUen  $#  To  erect  a  perpendicular  to  an  inaccessible  line^ 
at  a  given  point  of  it. 

(148)  Mrst  Method.  Get  points  in  the  direction  of  the  inao- 
ceasible  line  prolonged,  and  from  them  set  out  a  parallel  to  the  line, 
by  methods  which  are  giyen  in  Art.  (185),  &c.  find  by  trial  the 
point  in  which  a  perpendicular  to  this  second  line  (and  therefore  to 
the  first  line)  will  pass  through  the  required  point. 

(149)  Second  Method.  If  the  line  is  not  only  inaccessible, 
but  cannot  haye  its  direction  prolonged,  the  desired  perpendicular 
can  be  obtained  only  by  a  complicated  trigonometrical  operation. 

Problem  4«  To  let  fall  a  perpendicular  from  a  given  point  t§ 
a  given  line. 

(150)  JPirst  Method.  Let  P  be 
the  giyen  point,  and  AB  the  ^yen 
fine.  Measure  some  distance,  a  chain 
or  less,  from  G  to  P,  and  then  fix  one 
end  of  the  chain  at  P,  and  swing  it  Jt 
around  till  the  same  distance  meets 
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die  line  at  some  pomt  D.  The  middle  point  E  of  the  distance  CD 
will  be  the  required  pointy  at  which  the  perpendicular  from  P 
would  meet  the  line. 


(151)  Second  Method.  Stretch  a  chain,  or  a  portion  of  it, 
from  the  ^ven  point  P,  to  some  point,  as  A,  of  the 
^Ton  line.  Hold  the  end  of  the  distance  at  A, 
and  swing  round  the  other  end  of  the  chain 
from  Py  so  as  to  set  off  the  same  distance  along 
the  given  line  from  A  to  some  point  B.  Mea- 
sure BP.    Then  will  the  distance  BO  from  B  to  the  foot  of  the 

BP» 

desired  perpendicular  =  o"Tb"- 


Fig.  95. 


(152)  Other  Methods.     All  the  methods  given  m  the  neiQ 
problem  can  be  applied  to  this  one. 

Problem  5*     To  let  faU  a  perpendicular  to  a  line^  from  a  poini 
nearly  opposite  to  the  end  of  the  line. 

(153)  Fir%t  Method.  Stretch  a  chain  from  the  given  pomt  P, 
to  some  point,  as  A,  of  the  ^ven  line.  Hz  to 
the  ground  the  middle  point  B  of  the  chain 
AP,  and  swing  around  the  end  which  was  at 
P,  or  at  A,  till  it  meets  the  ^ven  line  in  a 
point  C,  which  will  be  the  foot  of  the  re- 
quired perpendicular. 

(154)  Second  Method.  Take  any  point,  Fig-  ^ 
as  A,  on  the  ^ven  line.  Measure  a  dis- 
tance AB.  Let  the  end  of  this  distance 
on  the  chain  be  held  at  B,  and  swing  around 
the  end  of  the  chain,  till  it  comes  in  the 
line  of  AP  at  some  pomt  0,  thus  making  BC  =  AB.  Mensurt 
AC  and  AP.    Then  ihe  distance  AB^  from  A  to  the  foot  of  the 

,.    ,  .    ,      APxAC 

perpendicular  required  =  ■  ^  .  ^    . 
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(1S5)  TMrd  Method.  At  any  conyenient 
point,  as  A,  of  the  given  line,  erect  a  perpen- 
dienlar,  of  any  convenient  length,  as  AB,  and 
mark  a  point  C  on  the  given  line,  in  the  line 
of  P  and  B.  Measore  GA,  CB  and  OP. 
Then  the  distance  firom  0  to  the  foot  of  the 

perpendicnlar,  i.  e.  CD  =  — j^ — . 


Fig.  97. 


PrtUem  6f     To  let  fall  a  perpendicular  to  a  line,  from  am 
maeee99S>le  point. 


(IM)  Firet  Method.  Let  P  be  the  ^ven 
point.  At  any  point  A,  on  the  given  line,  set  out 
a  perpendicular  AB  of  any  convenient  length. 
Prolong  it  on  the  other  side  of  the  line  the 
same  distance.  Mark  on  the  given  line  a 
foint  I)  in  ihe  line  of  PB;  and  a  point  E  in 
the  line  of  PC.  Mark  the  point  F  at  the  in- 
tersection of  DC  and  BE  prolonged.  The  line 
FP  IS  the  line  required,  being  perpendicular 
to  the  given  line  at  the  point  G. 


(157)  Second  Method.  Let  A  and  B 
be  two  points  of  the  given  line.  From  A 
let  fiJl  a  perpendicular,  AC,  to  the  visual 
line  BP ;  and  fiom  B  let  fall  a  perpendi- 
cular, BD,  to  the  visual  line  AP.  ilnd 
flie  point  at  which  these  perpendiculars 
mtenect,  as  at  E  (see  Art.(lS3)),  and  the 
fine  PE,  prolonged  to  F,  will  ^ve  the 
perpendicular  required. 


Fig.  98. 


PrtUem  7«     2b  let  fall  a  perpendieiUar  from  a  given  point  to 
on  vMeeeemble  Une. 
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(158)  First  Method.    Let  P  be  Fig.  lOO. 
the  ^yen  point  and  AB  the  given 
line.    By  tiie  preceding  problem,  let 
fall  perpendiculars  from  A  to  BP,  at 
C ;  and  from  B  tc  AP,  at  D ;  the 
line  PE,  passmg  from  the  ^ven  point 
to  the  intersection  of  these  perpendiculars,  is  the  dedred  perpendh 
cular  to  the  inaccessible  line  AB. 

This  method  will  apply  when  only  twa  points  of  the  line  atre 
visible. 

(159)  Second  Method.  Through  the  given  point,  set  out,  by 
the  methods  of  Art.  (165),  &c.,  a  line  parallel  to  the  inaccessible 
line.  At  the  given  point  erect  a  perpendicular  to  the  parallel  line, 
and  it  will  be  the  required  perpendicular  to  the  inaccessible  line. 

PROBLEMS  ON  PARALLELS. 

Problem  1»  2b  run  a  linsy  from  a  given  pointy  parallel  to  a 
given  line. 

(160)  Mr8t  Method.  Let  fall  a  perpendicular  from  the  point 
to  the  line.  At  another  point  of  the  line,  as  far  off  as  posable, 
erect  a  perpendicular,  equal  in  length  to  the  one  just  let  fall.  The 
line  joining  the  end  of  this  line  to  ilie  ^ven  point  will  be  the  paral« 
lei  required. 

(161)  Seeond  Method.  LetABbe 
the  ^ven  line,  and  P  the  ^ven  point,  a  - 
Take  any  pomt,  as  C,  on  the  ^ven  line, 
and  from  it  set  off  equal  distances,  as 
long  as  possible,  CD  on  the  given  line, 
and  CE,  on  the  Ime  GP.  Measure 
DE.  From  P  set  off  PF  =  CE ;  and  from  P,  with  a  distance  =» 
DE,  and  from  P,  with  a  distance  =  CD,  describe  arcs  intersect- 
ing in  Q.  PG  will  be  the  parallel  required.  If  it  is  more  con- 
venient, PC  may  be  prolonged,  and  the  equal  triangle,  CDE,  be 
formed  on  the  other  side  of  the  line  AB. 
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(ItX)  Third  Method.  Measure  from 
P  to  any  point,  as  0,  of  the  given  line,  and  a 
put  a  mark  at  tbe  middle  point,  D,  of  that 
fine.  From  any  point,  as  E,  of  the  given 
fine,mea3ure  a  fine  to  the  point  D,  and  con- 
tinue it  till  DF  =  DE.  Then  will  the  line 
PF  be  parallel  to  AB. 


(163)  Fourth  Method.  Measure  from 
P  to  any  point  G,  of  the  ^ven  line,  and 
continue  the  measurement  till  CD  =  CP. 
From  D  measure  to  any  point  E  of  the 
given  line,  and  continue  the  measurement 
till  EF  =  ED.  Then  will  the  line  PP 
be  parallel  to  AB.  K  more  convenient, 
CD  may  be  made  one-half,  or  any  other  fraction,  of  CP,.  and  EF 
be  then  made  twice,  &;c.,  DE. 


D 


Fig.  104. 
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(164)  Mfth  Method.  From  any 
point,  as  C,  of  the  line,  set  off  equal  A 
distances  along  the  Hne,  to  D  and  E. 
Take  a  point  F,  in  the  line  of  PD. 
Stake  out  the  lines  FC  and  FE,  and 
also  the  line  EP,  crossmg  the  line  CF 
m  tiie  point  G.  Lastiy,  prolong  the  line  DG,  tiill  it  meets  the 
fine  EF  in  the  point  H.    PH  is  the  parallel  required. 

PrtUem  2«     To  run  a  line  from  a  given  point  parallel  to  or) 
maeeessible  line. 


(I6S)  First  Method.     Let  AB  'ig.  los. 

be  the  ^ven  line,  and  P  the  ^ven 
point.  Set  a  stake  at  C,  in  the  line 
of  PA,  and  another  at  any  conven- 
ient point,  D.  Through  P,  set  out, 
by  the  preceding  problem,  a  parallel 
to  DA,  and  set  a  stake  at  the  point, 
as  E|  where  this  parallel  mtersects  DC  prolonged.    Throu^  B 
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set  out  a  parallel  to  BD,  and  set  a  Btake  at  the  point  F,  where  this 
parallel  intersects  BC  prolonged     PF  is  the  parallel  required 

(166)  Second  Method.  Set  a  stake  F»g- 106. 
at  any  point,  G,  in  the  line  of  AP,  and 
•nolher  at  any  convenient  place,  as  at  D. 
Through  P  set  out  a  parallel  to  AD, 
intersecting  CD  in  £.  Through  £  set 
out  a  parallel  to  DB,  intersecting  CB  in 
F.  The  line  PF  will  be  the  parallel  re- 
quired. 

(167)  Aliiemeit  and  Measarement,  We  are  now  prepared, 
having  secured  a  variety  of  methods  for  setting  out  Perpendirulara 
and  Parallels  in  every  probable  case,  to  take  up  the  general  sub- 
ject of  overcoming  Obstacles  to  Measurement. 

Before  a  line  can  be  measured,  its  direction  must  be  determined. 
This  operation  is  called  Ranging  the  line;  or  Alining  it;  or 
Boning  it.*  The  word  Alin,e7nent\  will  be  found  very  convenient 
for  expressing  the  direction  of  a  line  on  the  ground,  whether 
between  two  points,  or  in  their  direction  prolonged. 

This  branch  of  our  subject  naturally  divides  itself  into  two  parts, 
liie  first  of  which  is  preliminary  to  the  second ;  viz : 

It  Of  Obstacles  to  Alinement ;  or  how  to  establish  the  dtreo- 
tian  of  a  line  in  any  situation. 

II.  Of  Obstacles  to  Measureiiieiit ;  or  how  to  find  the  length  of 
a  line  which  cannot  be  actually  measured. 

\.   OBSTACLE^  TO  ALINEMENT. 

(168)  All  the  cases  which  can  occur  under  this  head,  may  be 
reduced  to  two;  viz: 

A.  To  find  points  in  a  line  beyond  the  given  points,  i.  e«  to 
prolong  the  line. 

B.  To  find  pomts  in  a  line  between  two  ^ven  points  of  it,  L  e. 
u)  interpolate  points  in  the  line. 

*  This  word,  like  many  others  used  in  En^neering,  is  derived  from  a  Frenob 
word,  BomeTf  to  mark  oat,  or  limit ;  iodicatiog  that  the  Normans  introdaoed  tba 
irt  of  Surveying  into  England. 

t  Slightly  modified  from  the  French  AlirKment. 


OAF.  Y.l  OMaclM  to  MeaMureiieit.  lOS 

A.    TO  PROLONG  A  LINE 

(MO)  By  nngliig  with  rods.  When  two  pomts  m  a  Ime  uo 
given,  and  it  is  desired  to  J^^«- 107. 

piobng  the  line  by  rangmg    ^^ 

it  oat  with  rods,  three  per-  ^ 
SODS  are  required,  each  furnished  with  a  straight  slender  rod,  and 
with  a  plumb-line,  or  other  means  of  keeping  their  rods  vertical. 
One  holds  his  rod  at  one  of  the  given  pomts.  A,  in  the  figure,  and 
mother  at  B.  A  third,  C,  goes  forward  as  &r  as  he  can  without 
losing  sight  of  the  first  two  rods,  and  then,  looking  back,  puts  him- 
self ^'  in  line"  with  A  and  B,  i.  e.  so  that  when  his  eye  is  placed 
at  C,  the  rod  at  B  hides  or  covers  the  rod  at  A.  This  he  can  do 
most  accurately  by  holding  a  plumb-line  before  his  eye,  so  that  it 
shaSl  cover  the  first  two  rods.  The  lower  end  of  the  plumb-bob 
will  then  indicate  the  point  where  the  third  rod  should  be  placed ; 
and  so  with  the  rest.  The  first  man,  at  A,  is  then  signalled,  and 
comes  forward,  passes  both  the  others,  and  puts  himseV  at  D,  ^^  in 
line"  with  0  and  B.  The  man  at  B,  then  goes  on  to  E,  and  ^^  lines" 
himself  with  D  and  C :  and  so  they  proceed,  in  this  ^^  hand  over 
hand"  operation,  as  £Bur  as  is  deured.  Stakes  are  driven  at  each 
point  in  the  line,  as  soon  as  it  is  determined. 

(170)  The  rods  should  be  perfectly  straight,  either  cylindrical  or 
polygonal,  and  as  slender  as  they  can  be  without  bending.  They 
should  be  painted  in  alternate  bands  of  red  and  white,  each  a  foot, 
or  hnk,  in  length.  Their  lower  ends  should  be  pointed  with  iron, 
and  a  projecting  bolt  of  iron  will  enable  them  to  be  pressed  down 
by  the  foot  into  the  earth,  so  that  they  can  stand  alone.  When 
this  is  done,  one  man  can  range  out  a  line.  A  rod  can  be  set  pei^ 
feetly  vertical,  by  holding  a  plumb-line  before  the  eye  at  some  dis- 
tance from  the  rod,  and  adjusting  the  rod  so  that  the  plumb-lina 
oovers  it  firom  top  to  bottom ;  and  then  repeating  the  operation  in 
a  direction  at  right  angles  to  the  former.  A  stone  dropped  froir 
top  to  bottom  of  the  rods  wiU  approximately  attain  the  same  end* 

When  the  Imes  to  be  ranged  are  long,  and  great  accuracy  is  re 
quiredf  the  rods  may  have  attached  to  them  plates  of  tin  with  opec 
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ingp  cut  out  of  them,  and  black  horse-hairs  stretched  from  ^js*  ^^ 
top  to  bottom  of  the  opemngs.    A  smaU  telescope  must 
then  be  used  for  raaging  these  hairs  m  line.    In  a  hastj 
surrey,  straight  twigs,  with  their  tops  split  to  receive  a  par 
per  folded  as  in  the  figure,  may  be  used. 

(171)  By  perpendicnlars.         ^  p'^-  ^^' 

The  straigjht  line,  AB  in  the  — r~~~~tJBrf f — 

figure,  is  supposed  to  be  stop-      c  d       £  f 

ped  by  a  tree,  a  house,  or  other  obstacle,  and  it  is  desired  to  pro 
long  the  line  beyond  this  obstacle.  From  any  two  points,  as  A 
and  B,  of  the  line,  set  off  (by  some  of  the  methods  which  have  been 
^ven)  equal  perpendiculars,  AO  and  BD,long  enough  to  pass  the 
obstacle.  Prolong  this  line  beyond  the  obstacle,  and  from  any  two 
points  in  it,  as  E  and  F,  measure  the  perpendiculars  EG-  and 
FH,  eoual  to  the  first  two,  but  in  a  contrary  direction.  Then 
will  0  and  H  be  two  pomts  in  the  line  AB  prolonged,  which  can 
be  continued  by  the  method  of  the  last  article.  The  points  A 
and  B  should  be  taken  as  far  apart  as  possible,  as  should  also 
the  points  E  and  F.  Three  or  more  perpendiculars,  on  each 
side  of  the  obstacle,  may  be  set  off,  in  order  to  increase  the  accu- 
racy of  the  operation.  The  same  thing  may  also  be  done  on  the 
other  nde  of  the  line,  as  another  confirmation,  or  test,  of  the  accih 
racy  of  the  prolonged  line. 

(172)  By  equilateral  tnangles. 

The  obstacles,  noticed  in  the  last  arti- 
cle, may  also  be  overcome  by  means  of 
throe  equilateral  triangles,  formed  by 
tiie  chain.  Fix  one  end  of  the  chsdn, 
and  also  the  end  of  the  first  link  firom 
its  other  end,  at  B ;  fix  the  end  of  the 
88d  link  at  A ;  take  hold  of  the  66tii  ^ 

link,  and  draw  the  chain  ti^t^  pulling  equally  on  each  part,  and 
put  a  pin  at  the  point  thus  found,  C,  in  the  figure.  An  equilateral 
triangle  will  thus  be  formed,  each  side  being  S3  links.  Prolong 
the  line  AC,  past  the  obstacle,  to  some  point,  as  D.    Make  another 
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equilateral  taiangle,  DEF,  as  before,  and  thus  fix  the  point  F.  Pro* 
long  DF,  to  a  length  equal  to  that  of  AD,  and  thus  fix  a  point  G. 
At  G  form  a  third  equilateral  triangle  GHK,  and  thus  fix  a  point 
K.    Then  will  KG  give  the  direction  of  AB  prolonged. 

m 

(173)  By  symmetrtcal  trlaigles*    Let  AB  be  the  line  to  be 


A 


Fig.  111. 


prolonged.  Take  any  conyo- 
ment  pomt,  aa  C.  Baoge 
out  the  line  AC,  to  a  point 
A',  such  that  CA'  =  GA. 
fiajige  out  CB,  so  that  OB' 
=  GB.  Range  backwards 
A^B',  to  some  point  D,  such 

that  DC  prolonged  will  pass        "**  ^ '  A 

the  obstacle.  Fmd,  by  ran^g,  the  intersection,  at  E,  of  DB  and 
AC.  From  C,  measure,  on  CA',  the  distance  CE'—  CE.  Then 
range  out  DC  and  B'E'  to  their  intersection  in  P,  which  will  be  a 
required  point  in  the  direction  of  AB  prolonged.  The  symmetri- 
cal points  are  marked  by  corresponding  letters.  Several  other 
points  should  be  obtained  in  the  same  manner. 

In  this,  as  in  all  similar  operations,  very  acute  intersectiooii 
ahould  be  avoided  as  far  as  possible. 


Fig.  lU. 


(174)  By  transyersab.  LetABbe 
the  ^ven  line.  Take  any  two  points  C 
and  D,  such  that  the  Ime  CD  will  pass 
the  obstacle.  Take  another  point,  E, 
in  the  intersection  of  CA  and  DB. 
Measure  AE,  AC,  CD,  BD  and  BE. 
Then  the  distance  &om  D  to  P,  a  pomt 
m  the  required  prolongation,  will  be 

T>P=       CDxBDxAE 
~  BExAC— BDxAE' 
Other  pomts  in  the  prolongation  may 
be  obtained  in  the  sama  manner,  by 
Bfliely  moving  the  single  point  0,  in  the  *" 

line  of  EA ;  in  which  ease  the  new  distances  CA  and  CD  wiI7 
aloDe  require  to  be  measured. 
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GDxBD 
If  AE  be  made  etmal  to  AC,  then  ifl  DP  =  35355* 

If  BE  be  made  equal  to  BD,  then  la  DP-  xUITIe' 

'Ihs  vUmtt  sign  in  the  denoumalors  must  be  understood  aa  <mly 

meaoiiig  that  the  diHerence  of  the  two  terms  ia  to  be  taken,  vithoal 

ngfixd  to  which  is  the  greiter. 

(175)  Br  baraioilc  Mi^Bgates.  t.,.  113. 
Let  AB  be  the  ^yen  line.     Set  a    ^ 

■take  at  any  point  C.    Set  stakes  at  ' ; 
p(nnt3,  D,  on  the  line  CA,  and  at 
K,  on  the  line  CB ;  these  pcoats, 
D  and  E,  being  so  chosen  that  the 
line  DE  will  pass  beyond  the  obsta- 
cle.    Set  a  fourth  stake,  F,  at  the 
intersectioa  of  the  lines  AE  and 
DB.    Set  a  fifth  stake,  O,  any- 
where in  the  line  CF ;  a  sixth  stake,  H,  at  the  intersection  of  CB 
and  DG-  prolcmged ;  and  a  seventh,  E,  at  the  intersection  of  CA 
and  EQ  prolonged,     finally,  range  out  the  lines  DE  and   KH, 
and  their  intersection  at  P,  will  be  in  the  line  AB  prolonged. 

(176)  By  the  complete  fudrllalera].'    Let  AB  be  the  ^ren 
line.     Take  any  conven  Fig.  114 

ient   point    C;     measure  F C G 

from  it  to  B,  and  onward,       x;-.,.  J^^      ■:^^^ 

in  the  same  line  prol(»g-  ^\^\~7jip5^^i''^ 

•d,  an  equal  distance  to  D.  ^\?^^''l-^^'^ 

Take  any  other  convenient  ir^^i^ 

p(nnt,E,snch  that  CE  and  ^ 

DE  produced  will  clear  the  obstacle.  Measure  frvm  E  to  A,  and 
onward,  an  equal  distance,  to  F.  Bange  out  the  Imee  FC  and  Dh 
to  lh«r  intersection  in  G.  Range  out  FD  and  OE  to  inter 
•ect  in  H.  Measure  GH.  Its  nuddle  point,  F,  is  the  required 
pnnt  in  the  line  of  AB  prolonged.  The  unavoidable  acute  inter 
Motions  in  tlus  constmcticn  are  objectionable. 
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B.  TO  INTERPOLiTE  PODTTS  IN  A  LINE. 

(177)  The  most  distant  ^ven  point  of  the  line  must  be  made 
as  conspicuous  as  possible,  by  any  efficient  means,  such  as  placing 
there  a  staff,  bearing  a  flag;  red  and  white,  if  seen  against 
woods,  or  other  dark  back*ground ;  and  red  and  green,  if  seim 
against  the  sky. 

A  conyenient  and  portable  signal  is  shown  in  ihe  figure. 


Wrtmi  View 


Fig.  115. 
Sid€ 


Back  View. 


s&f 


V 


kw 


The  figure  represents  a  disc  of  tm,  about  six  inches  in  diameter, 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  bj  the  bar,  B,  being  turned  into  the  catch,  C. 
A  screw,  S,  holds  the  disc  in  a  slit  in  the  top  of  the  pole. 

Another  contrivance  is  a  strip  of  tin,  which  has  its  ends  bent 
horizontallj  in  contrary  directions.  As  the  wind  will  take  strong- 
est hold  of  the  side  which  is  concave  towards  it,  the  bent  strip  wiU 
continually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff,  can  be  seen  at  a  great  distance 
when  the  sun  is  shining. 

178)  Bangbcig  to  a  pomt,  thus  made  conspicuous,  3  veiy  aim 
pie  when  the  ground  is  leveL  The  surveyor  places  his  eye  at  the 
nearest  end  of  tiie  fine,  or  stands  a  little  behind  a  rod  placed  on  it, 
and  by  signs  moves  an  assistant,  holding  a  rod  at  some  point  as 
neariy  m  the  desired  line  as  he  can  guess,  to  the  rijght  or  left,  till 
Ins  rod  appears  to  cover  the  distant  point 
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When  a  ralley,  or  low  spot,  inter 

Fig.  116. 


(179)  Acr*s8  a  Tiller. 

renes  between  the  two  ends 
of  tbe  line,  A  Bad  Z  in  the 
figure,  a  rod  held  in  the 
low  place,  aa  at  B,  would  - 
leldom  be  high  enough  to 
be  seen,  &om  A,  to  cover 
die  distant  rod  at  Z.  In 
nch  a  case,  the  sorvejor  at  A  ahould  h:ld  np  a  pl(mit>4ine  OTef 
the  point,  at  ann*8  length,  and  place  nis  eye  bo  tiiat  the  plumb-line 
coren  the  rod  at  Z.  He  should  then  direct  the  rod  held  at  B  to 
be  mored  till  it  too  is  covered  hy  Qie  plumb-line.  The  point  B  is 
then  eaii  to  be  "  in  line  "  between  A  and  Z.  In  geometrical  lan- 
guage, B  has  now  been  placed  in  the  rerlical  plane  determined  by 
the  vertical  pluml>4ine  and  the  point  Z.  Any  number  of  intenne- 
diate  points  can  thus  be  "  interpolated,"  or  placed  in  line  between 
AandZ. 

(189)  Orer  a  bill.    When  a  bill  rises  between  two  points  and 
[vevents  one  bemg  seen  from  the  other,  as  in  the  Sgore,  (the  upper 


at  which  shows  the  bill  in  "  Elevation,"  and  the  lower  put  m 
"  Flan"),  two  observers,  £  and  C,  eaoh  holding  a  rod,  may  plae* 
themselves  on  the  ridge,  in  the  line  between  the  two  points,  M 
nearly  as  they  can  gaess,  and  so  that  each  can  at  once  see  the  othn 
and  tiie  point  beyond  him.    B  looks  to  Z.  and  by  agnals  pnti  0 
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"in  Ibe."  G  liien  loc^  to  A,  and  pats  B  in  line  at  B'.  B  ro- 
peats  his  operatioo  £rom  B',  putting  G  at  G',  and  ia  then  himself 
Dunred  to  B'',  and  so  thej  alternately  "  line"  each  other,  coatina- 
■lly  approximating  to  the  stmght  line  between  A  and  Z,  tiU  they 
at  last  find  themselves  both  esaetl;  in  it,  at  B'"  and  C". 

(181)  A  ain^e  person  may  put  himself  in  line  between  two 
points,  on  the  same  principle,  bj  laying  a  stnught  stick  on  some 
support,  going  to  each  end  of  it  in  tuni,  and  maVing  it  point  suo- 
eessively  to  each  end  of  the  line.  Thj  *'  Surroyor's  Croaa,"  Art. 
(101),  is  conrenient  for  this  purpose,  when  set  up  between  the  two 
^ven  points,  and  moved  agun  and  agtun,  until,  by  repeated  trials, 
one  <rf  its  slits  o^ts  to  the  ^ven  pomts  when  looked  through  in 
either  direction. 

(182)  Oa  water.  A  simple  instro-  pig.  us. 
ment  for  tiie  same  object,  is  represented 
in  the  figure.  AB  and  CD  are  two 
tubes,  about  1^  inches  in  diameter,  coo- 
oected  by  a  smaller  tube  £F.  A  piece 
of  looking-^aaa,  6H,  is  placed  in  the 
lower  part  of  the  tube  AB,  and  another, 
EL,  in  the  tube  CD.    The  planes  of 

the  two  miirots  are  at  ri^t  angles  to 
each  otiier.    The  eye  is  placed  at  A,  and 
die  tube  AB  is  directed  to  any  distant 
object,  as  X,  and  any  other  object  be- 
hind the  obaerrer,  as  Z,  will  be  seen,  ap-  ^ 
parently  under  the  first  object  in  the  mirror  OH,  by  reflection  &om 
the  mirror  EL,  when  the  observer  has  succeeded  in  getting  in  line 
between  the  two  objects.    M,  K,  are  screws  by  which  the  mirror 
KL  may  be  adjusted.    The  distance  between  the  two  tubes  wiO 
eanae  a  small  parallax,  which  will,  however,  be  inaennble  exoepl 
iriME  the  two  objects  are  near  togedier. 
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(188)  Thraigk  a  irM4.    When  a  wood  intdrreues  between 
any  two  given  Fig.  ii9. 

points,  pre- 
venting one 
&om  being 
seen  &om  the 

other,  as  in  the  6gaTe,  in  which  A  and  Z  are  the  ^ven  points,  pn>> 
ceed  thus.  Hold  a  rod  at  some  point  B'  as  nearly  in  the  desired 
line  from  A  aa  can  be  guessed  at,  and  as  far  from  A  as  posmble. 
To  approamate  to  the  proper  direction,  an  asastant  may  be  sent  to 
the  other  end  of  the  line,  and  his  shouts  will  indicate  the  direction ; 
or  a  gon  may  be  fired  tiiere ;  or,  if  very  distant,  a  rocket  may  be 
sent  np  after  dark.  Then  range  out  the  "  random  line"  AB',  by 
the  method  given  in  Art.  (169),  noting  also  the  distance  from  A 
to  each  pomt  found,  till  you  arrive  at  a  pmnt  Z',  opposite  to  the 
point  Z,  i.  e.  at  that  pcont  of  the  line  from  which  a  perpendicular 
there  erected  would  strike  the  point  Z.  Measure  Z'Z.  Then 
move  each  of  the  stakes,  perpendicularly  from  the  line  AZ',  a  dis- 
tance proportional  to  their  distances  from  A.  Thus,  if  AZ'  be 
1000  links,  and  Z'Z  be  10  hnks,  then  a  stake  B',  200  links  from 
A,  should  be  moved  2  links  to  a  point  B,  wMch  wiU  be  in  the  de- 
ured  stmght  line  AZ ;  if  C  be  400  Imks  fr^>m  A,  it  should  be 
moved  4  links  to  C,  and  so  with  the  rest  The  line  should  then 
be  cleared,  and  the  accuracy  of  the  portion,  of  these  stakes  tested 
by  ran^g  from  A  to  Z. 

(184)  T«  ai  iDTlslble  lBterscctl«D.    Let  AB  and  CD  be  twv 

lines,  wluch,  if  prolong-  '"'B-  i^o. 

ed,  would  meet  in  a  '  ^r 

point  Z,  invi^ble  from 

either  of  tiiem ;  and  let 

P  be  a  point,  ft«m  which 

a  line  is  required  to  be 

set  out,  tending  to  this 

invisible     intersection,  i 

Set  stakes  at  the  five  ^ven  points,  A,  B,  C,  D,  F.     Set  s  ^ttb 

stake  at  E,  in  the  alinements  of  AI>  and  CP ;  and  a  seventh  stakn 
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a*  F,  in  the  almements  of  BC  and  AP.  Then  set  an  eighth  stake 
at  G,  in  the  almements  of  BE  and  DF.  PG  will  be  the  required 
Ime. 

Otherwise ;  Through  P  range  out  a  parallel  to  the  line  BD. 

Note  the  points  where  this  parallel  meets  AB  and  CD,  and  call 

these  points  Q  and  R.    Then  the  distance  from  B,  on  the  line  BD, 

to  a  pomt  which  shall  be  in  the  required  line  running  from  P  to  &e 

•    --ki       -1      n  V        BDxQP 
mTisible  pomt,  will  be  =  — g^ — 

II.   OBSTACLES  TO  MEASUREMENT. 

(185)  The  cases,  in  which  the  direct  measurement  of  a  line  is 
{rreyented  by  various  obstacles,  may  be  reduced  to  three. 

A*   When  both  ends  of  the  line  are  acoee^ible. 

B,  When  one  end  of  it  is  vnacceeeihle. 

C.  When  both  ends  of  it  are  inaccessible. 

!•  WHEN  BOTH  ENDS  OF  THE  LINE  ARE  ACCESSIBLE. 

(186)  By  perpendiculars.     On  Fig- 121. 
reaching  the  obstacle,  as  at  A  in 
the  figure,  set  off  a  perpendicular, 

AB ;  turn  a  second  right  angle  at  B,  b  '"— ^^~^c 

and  measure  past  the  obstacle ;  turn  a  third  right  angle  at  G ;  and 
measure  to  the  ori^nal  line  at  D.  Then  will  the  measured  dis- 
tance, BG,  be  equal  to  the  desired  distance,  AD. 

If  the  direction  of  the  line  is  also  unknown,  it  will  be  most  easily 
obtained  by  the  additional  perpendiculars  diown  in  Hg.  109,  (Mf 
Art.  (171). 

(187>  By  equilateral  triangles. 

rhe  method  given  m  Art.  (17J),  for 
determining  the  direction  of  a  line 
through  an  obstacle,  will  also  ^ve  its 
length;  for  in  Kg.  121'  (Rg.  110  re- 
peated) the  desired  distance  AG  is  equal 
to  ihe  measured  distances  AD,  or  DG. 


Fig.  123 
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(188)  Bf  SfUBetrfcal  Iriai^Ies.  pj^,  12s 
Let  AB  be  the  distance  reqiured. 
Measure  from  A  obliquelj  to  some 
point  C,  past  the  obstaole.  Meo- 
Bure  onvftrd,  in  the  same  line,  till 
CD  is  as  long  as  AC.  Place  stakes 
at  G  uid  D.  IVom  B  measure  to 
C,  and  from  G  measure  onward,  in 
tho  same  line,  till  GE  is  equal  to  CB.  Measure  ED,  and  it  will 
be  equal  to  AB,  the  distance  required.  K  more  convenient,  males 
CD  and  CE  equal,  respectively,  to  Half  of  AG  and  GB ;  tlien  wiT 
AB  be  equal  to  twice  DE. 

(189)  By  trusTCrsab.  Let  pig.  las. 
AB  be  the  required  distance.  Set 
a  stake,  C,  in  the  line  prolonged ; 
Bet  another  stake,  D,  so  that  G  and 
B  can  be  seen  from  it ;  and  a  third 
Bt^e,  E,  in  the  line  of  BD  pro- 
longed, and  at  a  distance  from  D 
equal  to  the  distance  from  D  to  B.  -" 
Set  a  fourth  atake,  F,  at  the  intersection  of  EA  and  CD.    Meason 

liC,  AFandFE.     Then  is  AB  =  ^  (FE— AF). 

(IW)  In  a  Town.  Cases  may  occur, 
in  die  streets  of  a  compactly  built  town, 
in  which  it  is  impos^ble  to  measure  along 
any  other  lines  tiian  those  of  the  streets. 
The  figure  represents  such  a  case,  in 
wluch  is  reqmred  the  distance,  AB,  be- 
tween points  situated  on  two  streets  which 
meet  at  the  point  0,  and  between  wluch 
runs  a  croes-street,  DE.  Xa  this  case 
measure  AG,  GE,  CD,  DE  and  GB.  \ 

Then  is  the  required  distance  \\ 
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AB  =y|(AO  -BC)»  +  [l>B^-(CE-CD)2]^^^J 

As  this  expression  is  somewhat  complicated,  an  example  will  b« 
pyen :  Let  AC  =  100,  CE  =  40,  CD  =  80,  DE  =  21,  and  CB 
—  80;  then  will  AB  =  51.7. 


B.    WEEK  ONE  END  OF  THE  LINE  IS  INACCESSIBLE. 

(IM)    By  perpeniiculars.      This  principle        Fig.  125. 

may  be  applied  in  a  variety  of  ways.    In  Rg.     , /I  ^ 

125,  let  AB  be  the  required  distance.  At  the 
point  A,  set  oflf  AC,  perpendicular  to  AB,  and  of 
any  convenient  length.  At  C,  set  off  a  perpenr 
dicnlar  to  CB,  and  continne  it  to  a  point,  D,  in 
the  line  of  A  and  B.    Measure  DA.    Then  is 

AB  -  ^^'^ 


(192)  Oiherunse :  At  the  point  A,  in  Hg. 
126,  set  off  a  perpendicular,  AC.  At  C  set 
off  another  perpendicular,  CD.  find  a  point, 
E,  in  the  Kne  of  AC,  and  BD.    Measure  AE 

•ndEC.    Then  is  AB=^^J^^^^.  ^ 

If  EC  be  made  equal  to  AE,  and  D  be  set 
in  the  line  of  BE,  and  also  in  the  perpendicular 
firom  C,  then  will  CD  be  equal  to  AlB. 

If  EC  =  4  AE,  then  CD=  J  AB. 

(IK)  Otherwise:  At  A,  in  Rg.  127,  mea- 
sure a  perpendicular,  AC,  to  the  line  AB ;  and 
at  any  pomt,  as  D,  in  this  line,  set  off  a  perpen- 
dicular to  DB,  and  continue  it  to  a  point  E,  m 
Ae  line  of  CB.     Measure  DE  and  also  DA. 

AO  X  AD 


Thenis  AB  = 


fig.  127. 


DE  — AO' 
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(194)  By  parallels*  From  A  measure 
AC,  in  any  convenient  direction.  From  a 
point  D,  in  the  line  of  BO,  measure  a  line 
parallel  to  CA,  to  a  point  E,  in  the  line  of 
AB.     Measure  also  A£. 

AC  X  AE 


Fig.  128. 


S 


Theni8AB  = 


DE  —  AC' 


Fig.  189 


E 


.    (195)  By  a  parallelogram.    Set  a  stake,  C, 

in  the  line  of  A  and  B,  and  set  another  stake,  D, 

wherever  convenient.    With  a  distance  equal  to 

CD,  describe  from  A,  an  arc  on  the  ground ;  and, 

with  a  distance  equal  to  AC,  describe  another 

arc  from  D,  intersecting  the  first  arc  in  E.     Or, 

take  AC  and  CD,  so  that  together  they  make 

one  chain ;  fix  the  ends  of  the  chain  at  A  and  D ;  d  ^ 

take  hold  of  the  chain  at  such  a  link,  that  one  part  of  it  equals  AC, 

and  tbe  other  CD,  and  draw  it  tight  to  fix  the  point  E.     Set  a 

stake  at  F,  in  the  intersection  of  AE  and  DB.    Measure  AF  and 


EF.    Then  is  AB  = 


AC  X  AF 

EF 


or,  CB  = 


AC  X  CD 
EF 


(19S)   By  symmetrical   triangles.  ^^s- 1»>- 

Let  AB  be  the  required  distance.  From 
A  measure  a  line,  in  any  convenient  di- 
rection, as  AC,  and  measure  onward,  in 
the  same  direction,  till  CD  =  AC.  Take 
sny  point  E  in  the  line  of  A  and  B. 
Measure  from  E  to  0,  and  onward  in  the 
same  line,  till  CF  =  CE.  Then  find  by 
tnal  a  pomt  Gr,  which  shall  be  at  the 
same  time  in  the  line  of  0  and  B,  and  in  <^' 
the  line  of  D  and  F.  Measure  the  distance  from  G  to  D,  and  it 
will  be  equal  to  the  required  distance  from  A  to  B.  J£  more  con- 
venient, make  CD  =  ^  AC,  and  CF  =  }  CE,  as  shown  by  the 
finely  dotted  lines  in  the  figure.    Then  will  DG  =  ^  AB. 
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K  -}Kr/t 


(W)     Otherwise :  Prolong  BA  to  Fig.  isi. 

some  point  C.  Bange  out  any  con- 
venient line  GA',  and  measure  GA'  ^ 
OA.  The  triangle  GA^,  is  now  to  be 
reproduced  in  a  synunetrical  triangle, 
ntuated  on  the  accessible  ground 
For  this  object,  take,  on  AG,  some  point 
D,  and  measure  GD'  =  GD.  Find  the 
point  £,  at  the  intersection  of  AD'  and  AD.  Find  the  point  F, 
at  the  intersection  of  A^  and  G£.  Lastly,  find  the  point  B',  at 
the  intersection  of  AF  and  GA^  Then  will  A'B'  =  AB.  The 
Bynmietrical  pomts  have  corresponding  letters  affixed  to  them. 

(198)  By  traosYersals.    Set  a  stake,  G,  Fig-  iss. 

in  the  alinement  of  BA;  a  second,  D,  at  any 
conyenient  pomt ;  a  third,  £,  in  the  line  GD ; 
and  a  fourth,  F,  at  the  intersection  of  the 
alinements  of  DA  and  £B.  Meaflure  AG, 
CE,  ED,  DF  and  FA.  Then  is 
pr^_       AO  X  AF  X  DE 

CB  X  DP  —  AF  X  DE' 

If  the  point  E  be  taken  in  the  middle  of  GD,  (as  it  is  in  the 

fi  N  Al.         A  T>         AC   X   AF 

figiure)thenAB=5j;— ^. 

Hflie  point  F  be  taken  in  the  middle  of  AD,  then  AB  =  — — — , 
The  tninvA  signs  must  be  interpreted  as  in  Art.  (174). 

(IM)  By  barmonlc  diyision.     Set  ^'^  ^^^  ^ 

stakes,  G  and  D,  on  each  side  of  A,  and 
so  that  the  three  are  in  the  same  straight 
£ne.     Set  a  third  stake  at  any  point,  E, 

€f  tiic  line  AB.     Set  a  fourth,  F,  at  the  f/^ hs-'-AB 

intersection  of  GB  and  DE ;  and  a  fifth,  /     ^>.(«}'''    \ 

O,  at  the  mtersection  of  DB  and  GE       ,/.--''""  /    "^"-^.^  \ 
Set  a  siicth  stake,  H,  ^t  the  intersection  ^  "~  j^  " 


ikfABandFG.   Measure  AE  and  EH.   ThenisAB=: 


AEx  AH 
APi  — Eff 
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(200)  To  an  iDaceessible  line.    The  Fig.  134. 
shortest  distance,  CD,  from  a  given  pomt,  ^  -^f::;; 
C,  to  an  inaccessible  straight  line  AB,  is 
reqiured.    From  G  let  fall  a  perpendicular 
to  AB,  by  the  method  of  Art.  (158).  \    /.^'l 
Then  set  a  stake  at  any  point,  £,  on  the  -^K     !  / 
line  AC ;  set  a  second,  F,  at  the  inter-  \  \' 
Beciion  of  EB  and  CD ;  a  third,  G,  at  r 

the  intersection  of  AF  and  CB ;  and  a  fourth,  H,  at  the  inteiBeo- 

tion  of  EG  and  CD.    Measure  CH  and  HF.    Then  is 

cvk CHxCF  ,        p jx pTT   CH+HF         ^j.       CHxCF 

OtherwUe ;  When  the  inaccessible  line  is  determined  by  the 
method  of  Art.  (205)  or  (206),  the  distance  from  any  point  to  it, 
can  be  at  once  measured  to  its  symmetrical  representative. 

(201)  To  an  InaceessiMe  Intersection.    When  two  lines  (aa 
AB,  CD,  in  the  figure)  meet  in  a  Fig.  135. 
river,  a  bmlding,  or  any  other 

inaccessible  point,  the  distance    ci 

from  any  point  of  either  to  their 


intersection,  DE,  for  example, 

may  be  found  thus.    From  any 

point  B,  on  one  line,  measure  c'^'^^ 

BD,  and  continue  it,  till  DF  =  DB.    From  any  other  pomt,  6, 

of  the  former  line,  measure  6D,  and  continue  the  line  till  DH = 6D. 

Continue  HF  to  meet  DC  in  some  point  K.    Measure  ICD.    ED 

will  be  equal  to  the  desired  distance  DE. 

BE  can  be  found  by  measuring  FE,  which  is  equal  to  it. 

If  DF  and  DH,  be  made  respectively  equal  to  one-half,  or  c»e- 
Oird,  Ac,  of  DB  and  DG,  then  will  ED  and  EF  be  respectively 
equal  to  one-half  or  one-third,  &c.,  of  DE  and  BE. 
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C.  WHEN  BOTH  ENDS  OF  THE  LINE  ARE  INACCESSIBLE. 

(202)  Br  simUar  triangles.      Let  AB 

De  the  inacoessible  distance.  Set  a  stake  at 
any  convenient  point  C,  and  find  the  distan- 
ces CA  and  CB,  by  any  of  the  methods  just 
given.  Set  a  second  stake  at  any  point,  D, 
on  the  line  CA.    Measure  a  distance,  equal 

OB  V  OD 

^       ^.       ,  from  C,  on  the  line  GB,  to  some  point  E.    Measure 

AC  X  BE 


CA 

DE.     Then  is  AB  = 


CD 


Fig.  137. 

If  more  convenient,  measure  CD  in  the   A^x"- jB 

contrary  direction  from  the  river,  as  in  Fig. 
187,  instead  of  towards  it,  and  in  other  re- 
specis  proceed  as  before.  /^^ 


(203)  By  parallels.  Let  AB  be  the  in- 
accessible distance.  From  any  point,  as  C, 
range  out  a  parallel  to  AB,  as  in  Art.  (165), 
fcc.  find  the  distance  CA,  by  Art.  (191), 
&c.  Set  a  stake  at  the  point  E,  the  inter- 
section of  CA  and  DB,  and  measure  CE. 

--,      .     .  _      CD  X  (AC  —  CE) 
ThenisAB  = ^^^ ■• 


Fig.  138. 


Fig.  139. 


'  (204)  By  a  parallelo^am.    Set 

a  stake  at  any  convenient  point  C. 

Set  stakes  D  and  E,  anywhere  in 

ihe  alinements  CA  and  CB.    With 

D  as  a  centre,  and  a  length  of  the 

ehaan  equal  to  CE,  describe  an  arc ;  X,^  / 

and  with  E  as  a  centre,  and  a  length  ^ 

of  the  chain  equal  to  CD,  describe  another  arc,  intersecting  fli9 

fixrmer  one  at  F.    A  parallelogram,  CDEF,  will  thus  be  formed. 

Set  stakes  at  G  and  H,  where  the  alinements  DB  and  EA  inter* 

sect  the  odes  of  this  parallelogram.    Measure  CD,  DF,  GF,  FH, 


CHAIN  SDBTEnKfi. 


The  ioacces^ble  dlBtance  AB  ^ 
CD"  X  OH 


tad  HG. 
If  CD  =  CE,  thea  AB  = 


CD  xDP  X  GH 


FG  X  FH  ■ 


(205)  By  SfHiaetrlcil  trUngles.    Take  aoj  conreiueiit  point, 
as  C.     Set  stakes  at  two  other  Fig.  ho. 

points,  D  and  ly.in  tiie  Bame  ■^"'^^  '»■ 

line,  and  at  equal  diatuicea 

from  C.    Take  a  point  E,  in 

the  line  of  AD;  nieaaure&om 

it  to  G,  and  onward  till  CE' 

=:=  CE.    Take  a  point  F  in 

the  line  of  BD ;  measure  fiom 

it  to  C,  and  onward  till  OF'  = 

CF.     Range  ont  the  lines  AC 

and  ED',  and  set  a  stake  at 

their  intersection,  A'.    Range  -  A. 

out  the  lines  BC  and  F'D',  and  set  a  st^e  at  their  interseotioo, 

B'.    Measure  A'B'.    It  will  be  equal  to  the  deored  distance  AB. 


(aW)  Othmoiie:     Take 

Fig- 

141. 

[ 

anj  convenient  point,  as  C,  ^^ 

and  set  off  equal  distances  ^9 

^fl 

IBS 

on  each  side  of  it,  in  the  jj^ 

Si^l 

^A 

UneofCAjtoDandD'.  Set 

\b 

\ 

off  the  same  distances  from 

\ 

> 

\  /  0 

V* 

C,  in  the  line  of  GB,  to  E  and 

y 

-^.' 

/\  ■? 

T 

E'.    Through  C,  set  out  a 

/  x^ 

A 

pa«JleltoDE,orD'E',and 

xV 

'^„_--> 

set  stakes  at  tiie  points  F 

7 

'    \^ 

and  F  where  tlus  parallel 

/ 

mtetsects    AE'    and    BD'. 

B' 

"<■ 

Range  out  the  lines  AD'  and  EF ,  and  set  a  stake  at  l^eir  intep 
section  A'.  Range  out  the  lines  BE'  and  DF,  and  set  a  stake  M 
their  intersection  B'.  Measure  A3',  and  it  will  be  equal  to  the 
derired  distance  AB. 
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The  eaaest  method  of  setting  out  the  parallel  in  the  above  case, 
la  to  fix  the  middle  of  the  chun  at  the  point  G^  and  its  ends  on  the 
Imes  CD,  CE' ;  then  carrj  the  middle  of  the  chun  trom  C  towards 
F,  and  mark  the  point  to  which  it  reaches ;  and  repeat  this  on  the 
other  ude  of  G,  aa  shown  by  the  finely  dotted  lines  in  the  figure. 

INACCESSIBLE  AREAS. 
(2C7)  Triangles,  In  the  case  of  a  ttiangular  field,  in  which 
one  side  cannot  be  measured,  or  determined  by  any  of  the  methods 
just  ^Yen,  the  two  acceaeible  tddes  may  bo  prolonged  to  their  full 
length,  and  an  equal  symmetrical  trian^e  formed,  all  of  whose  udes 
can  be  measured.  Thaa  m  fig.  102,  page  103,  if  GDE  be  the 
ori^nal  triangle,  of  which  the  ^de  EG  is  inaccessible,  DFP  will  be 
erfoal  to  it.    But  if  this  also  be  impoenble,  por-  Fig.i4s. 

tionsof  theudesmay  bemea8nred,&BAD,AE,  S  ^ 
in  the  figure  in  the  mar^n,  and  also  DE,  and 
the  area  of  this  triangle  found  by  any  of  the 
methods  which  have  been  ^ven.  Then  is  the 
deored  area  of  the  triangle  AJBC  ^  area  of 
^E   „  AB  X  AO 


AD  X  AE* 


(308)  12Ba4rtUterali.     In  the  case  Fig.  iti. 

of  a  fbur^ded  field,  whose  sides  cannot 
be  measured,  vr  prolonged,  but  whose 
diagonals  can  be  measured,  the  area 
may  be  obt^ed  thus.  Measure  tJie 
diagonals  AC  and  ItDj  and  also  the 
portions  AE,  EG,  into  which  one  of 
them  is  divided  by  the  other.     Calcu- 

bite  the  area  of  &e  triangle  BGE,  by  the  preceding  method,  or  any 
«f  those  heretofiire  ^ren.     Then  the  area  of  the  quadrilateral 

ABCD  =  area  of  BOE  x  ^"  ^  ^". 
BE  X  GE 

(2M)  P»lffoiSt  MeQiods  tor  obbuning  the  areas  of  mac- 
eesaible  fields  of  more  than  four  ddes,  hare  been  given  in  Arts. 
(Wl,)  4o. 


PART  in. 


COMPASS    SURVEYINGS 

OR 

By  the  Third  Method. 


CHAPTER  L 


ANGULAR  SVRYETING  IS  GENERAL. 

(210)  Angular  Surveying  determines  the  relative  positions  of 
points,  and  therefore  of  lines,  on  the  Third  principle,  as  ex- 
plained in  Art.  (7),  which  should  now  be  referred  to. 

(211)  When  the  two  lines  which  form  an  angle  lie  in  the  same 
horizontal  or  level  plane,  the  angle  is  called  a  horizontal  angle.* 

When  these  lines  lie  in  a  plane  perpendicular  to  the  former,  the 
angle  is  called  a  vertical  angle. 

When  one  of  the  lines  is  horizontal  and  the  other  line  from  the 
eye  of  the  observer  passes  above  the  former,  and  in  the  same  ver- 
tical plane,  the  angle  is  called  an  angle  of  elevation. 

When  the  latter  line  passes  below  the  horizontal  line,  and  in  the 
same  vertical  plane,  the  angle  is  called  an  angle  of  depreBSuyn. 

When  the  two  lines  which  form  an  angle,  lie  in  other  planes 
which  make  oblique  angles  with  each  of  the  former  planes,  the 
angle  is  called  an  oblique  angle. 

Horizontal  angles  are  the  onlj  angles  employed  in  common  land 
surveying. 

*  A  plane  is  said  to  be  herizcntat,  or  leod^  when  it  is  parallel  to  the  larface  ai 
ftanding  water,  or  perp-endicolar  to  a  plumb-line.     A  line  is  horizontal  when 
Uei  in  a  horizontal  plane. 
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(212)  The  angles  between  the  directions  of  two  lines,  which  it 
IB  necessary  to  measure,  may  be  obtamed  by  a  great  variety  of  in- 
struments. All  of  them  are  in  substance  mere  modifications  of  the 
very  simple  one  which  will  now  be  described,  and  which  any  one 
can  make  for  himself. 


Fig.  1  i  1. 


(218)  Provide  a  circular  piece  of 
wood,  and  divide  its  circumference 
(by  any  of  the  methods  of  Geometri- 
cal Drafting)  into  three  hundred  and 
mxty  equal  parts,  or  "  Degrees,"  and 
number  them  as  in  the  figure.  The 
divisions  will  be  like  those  of  a  watch 
&ce,  but  six  times  as  many.  These 
divisions  are  termed  ffraduations. 
The  figure  shows  only  every  fifteenth 
one.  In  the  centre  of  the  circle, 
fix  a  needle,  or  sharp-pointed  wire,  and  upon  this  fix  a  straight 
stick,  or  thin  ruler  placed  edge-wise,  (called  an  alidade)  ^  so  that 
it  may  turn  freely  on  this  point  and  nearly  touch  the  graduations 
of  the  circle.  Fasten  the  circle  on  a  staff,  pointed  at  the  other  end, 
and  long  enough  to  bring  the  alidade  to  the  height  of  the  eyes. 
The  instrument  is  now  complete.  It  may  be  called  a  G-onwrneUry 
or  Angle-measurer. 


t 


(214)  Now  let  it  be  required  to  measure  f'^g-  i^s. 

the  an^e  between  the  lines  AB  and  AC.  Fix 
the  staff  in  the  ground,  so  that  its  centre  shall 
be  exactly  over  the  intersection  of  the  two 
lines.  3^im  the  alidade,  so  that  it  pomts,  (as 
determined  by  sighting  along  it)  to  a  rod,  or 
ciher  mark  at  B,  a  point  on  one  of  the  lines,  and  note  what  degree 
it  covers,  i.  e.  ^^  The  Beading."  Then,  without  disturbing  the 
circle,  turn  the  alidade  till  it  points  to  C,  a  point  on  the  other  line. 
Note  the  new  reading.  The  difference  of  these  readings,  (in  the 
figure,  45  degrees),  is  the  difference  in  the  directions  of  Qie  two 
lines,  or  is  the  angle  which  one  makes  with  the  olher.     If  the  dis 
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tauce  from  A  to  G  be  now  measured,  the  point  G  is  ^^  determined/' 
with  respect  to  the  points  A  and  B,  on  the  Third  Principle.  An^ 
number  of  points  may  be  thus  determined. 

(215)  Instead  of  the  very  smiple  and  rude  alidade,  which  has 
been  supposed  to  be  used,  needles  may  be  fixed  on  each  end  of  the 
alidade ;  or  sights  may  be  added,  such  as  those  described  in  Art. 
(106)  ;  or  a  small  straight  tube  may  be  used,  one  end  being  covex^ 
ed  with  a  piece  of  pasteboard  in  which  a  very  small  eye  hole  is 
pierced,  and  threads,  called  ^^ cross-hairs,"  being  stretch-  ^-s  i^^^- 
ed  across  the  other  end  of  it,  as  in  the  figure ;  so  that  (*)  (^ 
their  intersection  may  give  a  more  precise  line  for  determining  the 
direction  of  any  point. 

(216)  When  a  telescope  is  substituted  for  this  tube,  and  sup- 
ported in  such  a  way  that  it  can  turn  over,  so  as  to  look  both  back* 
wards  and  forwards,  the  instrument  (with  various  other  additions, 
which  however  do  not  affect  the  principle),  is  called  the  Engineer's 
Transit. 

T^th  the  addition  of  a  level,  and  a  vertical  circle,  for  measuring 
vertical  angles,  the  instrument  becomes  a  Theodolite;  in  which, 
however,  the  telescope  does  not  usually  admit  of  being  turned  over. 

(217)  The  Compass  differs  from  the  instruments  which  have 
been  described,  m  the  following  respect.  They  all  measure  the 
angle  which  one  line  makes  with  another.  The  compass  measures 
the  angle  which  each  of  these  lines  makes  with  a  third  line,  viz : 
that  shown  by  the  magnetic  needle,  which  always  points  (approxi- 
mately) in  the  same  direction,  i.  e.  North  and  South,  Fig- 1^7. 
m.^^  Magrutie  Meridian.  Thus,  in  the  figure,  the  ^  ^ 
line  AB  makes  an  angle  of  80  degrees  with  the  line  r  j^^y 
AN,  and  tiie  line  AG  makes  an  angle  of  75  de-      j    ^^^ 

grees  with  AN.    The  difference  of  these  angles,  ^J^ 3^-"  C 

or  45  degrees,  is  tiie  angle  which  AG  makes 
with  AB,  agreeing  with  the  result  obtained  in 
Art  (214). 
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(218)  Surveying  with  the  compass  is,  therefore,  a  less  direct 
operation  than  surveying  with  the  Transit  or  Theodolite.  But  as 
the  use  of  the  compass  is  much  more  rapid  and  easy  (only  one  sight 
and  reading  at  each  station  being  necessary,  instead  of  two,  %s  in 
the  former  case),  for  this  reason,  as  well  as  for  its  smaller  cost,  it 
is  tiie  instrument  most  commonly  employed  in  land  surveying  in 
this  country,  in  spite  of  its  imperfections  and  inaccuracies. 

As  many  may  wish  to  learn  ^^  Surveying  with  the  Compass,'* 
without  being  obliged  to  previously  learn  ^^  Surveying  with  Hie 
Transit,''  (which  properly,  being  more  simple  in  principle,  though 
less  80  in  practice,  should  precede  it,  but  which  will  be  considered 
m  Part  IV),  we  will  first  take  up  Compass  Surveying. 

(319)  Angular  Surveying  m  general,  and  therefore  Compass 
Surveying,  may  employ  either  of  the  Sd,  4th  and  5th  methods  of 
determining  the  position  of  a  point,  ^ven  in  Part  I ;  that  is,  any 
instrument  which  measures  angles  may  be  employed  for  Polar^ 
THangrdar^  or  Trilinear  Surveying.  The  first  of  these,  Polar 
Surveying,  is  the  one  most  commonly  adopted  for  the  compass,  and 
is  therefore  the  one  which  wH  be  specially  explained  in  this  part. 

The  same  method,  as  employed  with  the  Transit  and  Theodolite, 
will  be  explained  in  the  following  part. 

The  4th  and  5th  methods  will  be  explained  m  the  next  two  parts. 

(220)  The  method  of  Polar  Surveying  embraces  two  minor 
methods.  The  most  usual  one  consists  in  going  around  the  field 
with  the  instrument,  setting  it  at  each  comer  and  measuring  there 
the  angle  which  each  side  makes  with  its  neighbor,  as  well  ns  the 
length  of  each  side.  This  method  is  called  by  the  French  the  me* 
thod  of  CTiemineTnent.  It  has  no  special  name  in  English,  but  may 
be  called  (from  the  American  verb,  To  progress),  the  Method  of 
Progre%don.  The  other  system,  the  Method  of  Radiation^  con- 
nsts  in  setting  the  instrument  at  one  point,  and  thence  measuring 
the  direction  and  distance  of  each  comer  of  the  field,  or  other 
object.  The  corresponding  name  of  what  we  have  called  Triangu- 
lar Surveying  is  the  Method  of  Intersections  ;  smce  it  determines 
points  by  the  intersections  of  straight  lines. 
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CHAPTER  11. 

THE  COMPASS. 

(S21)  The  Needle*  The  most  essential  part  of  the  compass  U 
the  magnetic  needle.  It  is  a  slender  bar  of  steel,  nsoallj  five  or 
six  mches  long,  strongly  magnetized,  and  balanced  on  a  pivot,  sc 
that  it  may  torn  freely,  and  thus  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  ^^  MagneUe  Meridian"  approxi- 
mately North  and  South)  however  much  the  ^^  Compass  Box,"  to 
which  the  pivot  is  attached,  may  be  turned  around. 

As  it  is  important  that  the  needle  should  move  witii  the  least 
possible  friction,  the  pivot  should  be  of  the  hardest  steel  ground  to 
a  very  sharp  point ;  and  in  the  centre  of  the  needle,  which  is  to 
rest  on  the  pivot,  should  be  inserted  a  cap  of  agate,  or  other  hard 
material.  Iridium  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  its  pivot  before  being  magnetized, 
one  end  will  sink,  or  ^^  Dip,"  after  the  needle  is  magnetized.  To 
bring  it  to  a  level,  several  coils  of  wire  are  wound  around  the  nee- 
dle so  that  they  can  be  slid  along  it,  to  adjust  the  weight  of  its  two 
ends  and  balance  it  more  perfectiy. 

The  North  end  of  the  needle  is  usually  cut  into  a  more  orna- 
mental form  than  the  South  end,  for  the  sake  of  distmction. 

The  principal  requisites  of  a  compass  needle  are,  intensity  of  di- 
rective force  and  susceptibility.  "Shear  steel"  was  found  by 
Capt.  Eater  to  be  the  kind  capable  of  receiving  the  greatest  mag- 
netic force.  The  best  form  is  that  of  a  rhomboid.  Fig.  149. 
or  lozenge,  cut  out  in  the  middle,  so  as  to  dimi- 
nish the  extent  of  surface  in  proportion  to  the 
mass,  as  it  is  the  latter  on  which  the  directive  force  depends.  Be- 
yond a  certain  limit,  say  five  inches,  no  additional  power  is  gained 
by  increasmg  the  length  of  the  needle.  On  the  contrary,  longer 
ones  are  apt  to  have  their  strength  diminished  by  several  consecu- 
tive poles  being  formed.  Short  needles,  made  very  hard,  are 
therefore  to  be  preferred. 
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The  needle  should  not  come  to  rest  very  quicklj.  If  it  does,  it 
indicates  either  that  it  is  weaklj  magnetized,  or  that  the  friction  on 
the  pivot  is  great.  Its  sensitiveness  is  indicated  by  the  number  of 
vibrations  which  it  makes  in  a  small  space  before  coming  to  rest. 

A  screw,  with  a  milled  head,  on  the  under  side  of  the  plate 
which  supports  the  pivot,  is  used  to  raise  the  needle  oflf  this  pivot, 
when  the  instrument  is  carried  about,  to  prevent  the  point  being 
dulled  bj  unnecessary  fiiction. 

(222)  The  Sights*  Next  after  the  needle,  which  g^ves  the  di 
rection  of  the  fixed  line,  whose  angles  with  the  lines  to  be  survey- 
ed are  to  be  measured,  should  be  noticed  the  Sights,  which  show 
the  directions  of  these  laat  lines.  At  each  end  of  a  line  passing 
through  the  pivot  is  placed  a  ^^  Sight,"  consisting  of  an  upright  bar 

^f  brass,  with  openings  in  it  of  various  forms ;  usually  either  slits, 
with  a  circular  aperture  at  their  top  and  bottom*;  or  of  the  form 
described  in  Art.  (106) ;  all  these  arrangements  being  mtended  to 
OLiable  the  line  of  sight  to  be  directed  to  any  desired  object,  with 
precision. 

(223)  A  Telescope  which  can  move  up  and  down  in  a  vertical 
plane,  i.  e.  a  plun^g  telescope,  or  one  which  can  turn  completely 
over,  is  sometimes  substituted  for  the  si^ts.  It  has  the  great 
advantage  of  giving  more  distinct  vision  at  long  distances,  and  of 
admitting  of  sights  up  and  down  very  steep  slopes.  Its  accuracy 
of  vision  is  however  rendered  nugatory  by  the  want  of  precision  in 
the  readings  of  the  needle.  If  a  telescope  be  applied  to  the  com 
pass,  a  graduated  circle  with  vernier  should  be  added,  thus  cen- 
verting  the  compass  into  a  ^'Transit."  The  Telescope  will  be 
found  minutely  described  in  Part  IV,  "  Transit  Surveying." 

(221)  The  divided  circltt  We  now  have  the  means  of  indi- 
cating the  directions  of  the  two  lines  whose  angle  is  to  be  measur- 
ed. The  number  of  degrees  contained  in  it  is  to  be  read  from  a 
circle,  divided  into  degrees,  in  the  centre  of  which  is  fixed  the 

*  An  inside  and  an  outside  view,  or  "  Elevation/*  of  such  sights,  are  given  on 
each  side  of  the  figure  of  the  Compass,  on  page  126.     It  is  itaelf  drawn  in  *'  Mili 
tary  Perspective." 
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pivot  beaiing  the  needle.  The  gradoatdons  are  usually  made  to 
half  a  degree,  and  a  quarter  of  a  degree  or  less  can  then  be  "  esti- 
mated." The  pivot  and  needle  are  sunk  m  a  circular  box,  so  tiiat 
ita  tap  may  be  on  a  level  widt  the  needle.  The  graduations  are 
naually  made  on  the  top  of  the  surroundmg  rim  of  the  box,  bul 
nhoiild  also  be  continued  down  its  inside  circumference  bo  that  it  maj 
be  earner  to  see  with  what  division  the  ends  of  the  needle  coincide. 

The  degrees  are  not  numbered  consecutively  &om  0°  around  to 
860^ ;  but  run  finm  0°  to  90'^,  both  ways  from  the  two  diametri- 
cally oj^xisite  points  at  which  a  line,  pasang  through  the  slits  in  tiie 
middle  of  the  nj^ts,  vould  meet  the  divided  circle. 

The  lettering  of  the  Sorreyor's  Compass  has  one  important  dif 
ference  &om  that  of  &e  Mariner's  Compass. 

When  we  stand  facing  the  North,  the  East  is  on  our  right  hand, 
and  the  West  on  our  left.  The  graduated  card  of  the  Manner's 
Compass  which  is  fastened  to  the  needle,  and  turns  with  it,  is 
marked  accordingly.  But,  in  the  Surveyor's  compass,  one  of  the 
0  ptunts  being  marked  N,  or  North,  (or  indicated  by  a  fleur^e- 
lis,)  and  the  oppoute  one  8,  or  South,  the  dO-degrees-point  on  the 
right  of  this  line,  as  you  stand  at  the  S  end  and  look  towards  the 
N,  is  marked  W,  or  West;  and  the  I^t  hand  dO-degrees-point  if 
marked  E,  or  East.  The  reason  of  this  will  be  seen  when  the 
method  of  using  the  compass  comes  to  be  expluned  in  the  foUowinn 
chapter. 

(JJ4)  He  FolBts.     In  or^  Fig.  150. 

iinaty  land  surveying,  oMy  four 
pcunts  of  the  compass  have 
names, viz:  Nortii,  South,  East 
and  West ;  the  direction  of  a 
line  being  described  by  the  an- 
^  which  it  makes  with  a  North 
and  Sooth  line,  to  its  East  or  to 
its  West.  Sut  for  naotieal  pur- 
poses,  the  circle  of  the  compass 
is  divided  into  82  points,  the 
names  of  whiefa  are  shown  in 


180 


COMPASS  SURTETIN6. 


[PABT  in. 


khe  figure.  Two  rules  embrace  all  the  cases.  1^  When  the 
letters  indicating  two  points  are  joined  together,  the  point  half  way 
between  the  two  is  meant ;  thus.  N.  E.  is  half  way  between  Nortli 
and  East ;  and  N.  N.  E.  is  half  way  between  North  and  Nortb 
East.  2P  When  the  letters  of  two  points  are  joined  together 
with  ihe  intermediate  word  by,  it  indicates  the  point  which  comes 
next  after  the  first,  in  going  towards  the  second ;  thus,  N.  by  E,  is 
the  point  which  follows  North  in  going  towards  the  East ;  S.  E.  2y 
S.  is  the  next  point  from  South  East,  going  towards  the  South. 

(226)  EeceHtrlcityt  The  centre-pin,  or  pivot  of  the  needle, 
ought  to  be  exactly  in  the  centre  of  the  graduated  circle ;  the  nee* 
die  ought  to  be  straight ;  and  the  line  of  the  sights  ought  to  pass 
exactly  through  this  centre  and  through  the  0  points  of  the  circle. 
If  this  is  not  the  case,  there  will  be  an  error  in  every  observation. 
This  is  called  the  error  of  eccentricity. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  in  place, 
he  is  in  doubt  of  two  things ;  whether  the  needle  is  perfectly  strsdght, 
and  whether  the  pivot  is  exactly  in  the  cen- 
tre. In  figures  151  and  152,  both  of  these 
are  represented  as  being  excessively  in 
error. 

JVra%,  to  examine  if  the  needle  be 
straight.    Fix  the  pivot  temporarily,  so 
that  the  ends  of  the  needle  may  cut  oppo- 
site degrees,  i.  e.  degrees  differing  by 
180^.     The  condition  of  things  at  this 
stage  of  progress,  will  be  represented  by 
fSg.  151.    Then  turn  the  compass-box 
half  way  around.    The  error  will  now  be 
doubled,  as  is  shown  by  Fig.  152,  in  which 
the  former  position  of  the  needle  is  indi- 
cate! by  a  dotted  line.*    Now  bend  the 
«eedle,  as  m  Fig.  153,  till  it  cuta  divi- 
<nons  midway  between  those  cut  by  it  in 

•  This  is  another  example  of  the  fruitful  priucijle  of  Revermon,  first  noticed  n 
<irt.  (103  j. 


Fig.  151. 


Fig  152. 
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its  present  and  in  its  former  podtion  ^  153. 

This  makes  it  certain  that  the  needle  is 
straight,  or  that  its  two  ends  and  its  cen- 
tre lie  in  the  same  straight  line. 

Seccmdlify  to  put  the  pivot  in  the  cen- 
tre. Move  it  till  the  straightened  needle 
cuts  opposite  divisions.  It  is  then  certain 
that  tiie  direction  of  the  needle  passes 
through  ttie  centre.  Turn  the  compass 
box  one-quarter  around,  and  if  the  needle  does  not  then  cut  oppo- 
ate  divisions,  move  the  pivot  till  it  does.  Repeat  the  operation  in 
various  positions  of  the  box.  It  -will  be  a  sufficient  test  if  it  cuts 
the  opposite  divisions  of  0^,  45^  and  90^. 

To  fix  the  fflghts  precisely  in  line,  draw  a  hair  through  their  slits 
and  move  them  till  the  hair  passes  over  the  0  points  on  the  circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
Reversion,  whether  the  line  of  the  sights  passes  through  the  centre 
or  not.  Sight  to  any  very  near  object.  Read  off  the  number  of 
degrees  indicated  by  one  end  of  the  needle.  Then  turn  the  con^ 
pass  half  around,  and  sight  to  the  same  object.  K  the  two  read- 
ings do  not  agree,  there  is  an  error  of  eccentricity,  and  the  arith- 
metical mean,  or  half  sum  of  the  two  readings  is  the  correct  one. 

Fiff.  154.  Fig.  155. 


In  Hg.  154,  the  line  of  sight  hB  is  represented  as  passing  to 
one  side  of  the  centre,  and  the  needle  as  pointing  to  46^.  In  "Fig, 
155,  the  compass  is  supposed  to  have  been  turned  half  around  and 
flie  other  end  of  the  sights  to  be  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  45^,  if  the  line  of 


right  Lad  passed  ihrough  the  centre.  The  needle  will  now  point 
to  440,  the  error  bemg  doubled  bj  the  reversion,  and  the  true 
reading  being  the  mean. 

This  does  not,  however,  make  it  certain  that  the  line  of  the 
sights  passes  through  ilie  0  points,  which  can  onlj  be  tested  by  the 
hair,  as  mentioned  above. 

(227)  Levels*  On  the  compass  plate  are  two  small  spirit  levels. 
Thev  consist  of  glass  tubes,  slightlj  curved  upwards,  and  nearly 
filled  with  alcohol,  leaving  a  bubble  of  air  within  them.  They 
are  so  adjusted  that  when  the  bubbles  are  ui  the  centres  of  the 
tubes,  the  plate  of  the  compass  shall  be  level.  One  of  them  lies  in 
the  direction  of  the  sights,  and  the  ether  at  right  angles  to  this 
direction. 

(228)  TaBgeBt  Scale*  This  is  a  convenient,  though  not  essen- 
tial, addition  to  the  compass,  for  the  purpose  of  measuring  tiie 
slopes  of  ground,  so  that  the  proper  allowance  in  chaining  may  be 
made.  In  the  figure  of  the  compass,  page  126,  may  be  seen,  on 
the  edge  of  the  left  hand  sight,  a  small  projection  of  brass  with  a 
hole  through  it.  On  the  edge  of  the  other  sight  are  engraved, 
lines  numbered  from  0^  to  20^,  the  0^  bemg  of  tiie  same  height 
above  the  compass  plate  that  the  eye-hole  is.  To  use  this,  set  the 
compass  at  the  bottom  of  a  slope,  and  at  the  top  set  a  signal  of 
exactly  the  height  of  the  eye-hole  firom  the  ground.  Level  the 
compass  very  carefully,  particularly  by  the  level  which  lies  length- 
wise, and,  with  the  eye  at  the  eye-hole,  look  to  the  sigcal  and  note 
the  number  of  the  division  on  the  farther  sight  which  is  cut  by  the 
visual  ray.  That  will  be  the  angle  of  the  slope ;  the  distances  of 
the  engraved  lines  from  the  0^  line  being  tangents  (for  the  ra^us 
equal  to  the  distance  between  the  sights)  of  the  angles  correspond- 
ing to  the  numbers  of  the  lines. 

(229)  TerBier*  The  compass  box  is  connected  with  the  plate, 
which  carries.it  and  the  sights,  so  that  it  can  turn  around  on  this 
[date.  This  motion  is  given  to  it  by  a  screw,  (called  a  slow-mo- 
tion, or  Tangent  screw),  the  head  of  which  is  the  nearest  one  m 
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die  figure  oo  psge  126.  If  two  msr^  be  made  oppoeite  to  each 
other,  one  on  the  projecting  part  of  the  compass  box,  and  the  other 
on  the  plat«  to  which  the  sights  are  &stened,  these  marks  will  eepa- 
rate  when  ^e  slow-iaotioa  screw  is  turned.  Their  distance  apart 
(in  angol&r  measorement,  i.  e.  fractjons  of  a  circle),  in  an;  posi- 
tioii,  is  measured  bj  a  contrivance  caJled  a  Fmiter,  which  is  the 
nunntcly  dinded  arc  of  a  circle  seen  between  the  left  hand  sight 
ftnd  Qi.e  compass  box.  It  will  be  better  to  defer  esplaining  tie 
mode  of  readiiig  the  vernier  for  the  present,  nnce  it  is  rarel;  used 
with  the  compass,  and  an  entire  chapter  will  be  ^ven  to  it  m  Fart 
IV.  Its  principle  is  umilar  to  that  of  the  Vernier  Scale,  described 
ID  Art.  (50).  Its  applications  in  "  I^eld-work "  will  be  noticed 
mider  that  head 

(2M)  Trlp«i>  The  compass,  like  most  surveying  instruments, 
b  osn&Ily  supported  on  a  Tripod,  connsting  of  three  legs,  shod  with 
iron,  and  so  connected  at  top  as  to  be  movable  in  any  direction. 
There  are  many  forms 

of  these.      Lightness  ^'b'"-  Fig.  157. 

and  stiSitess  are  the 
qoalities  defflred.  The 
most  nsuai  form  is 
■hewn  in  the  figures 
of  the  Transit  imd  the 
Theodolite;  at  the  be- 
girmipg  of  Fart  rV. 
Of  tlie  two  represent- 
ed in  Hgs.  156  and 
157,  the  firat  has  the 
•dvantage  of  being  ve- 
Tj  eaaiy  and  cheaply 
made ;  and  the  second 
that  of  being  Ught  and 
jet  capable  of  very  firmly  resisting  horizontal  tomon. 

The  joints,  by  which  the  instrument  is  connected  witli  the  tripod, 
•re  also  various.  Fig.  158  is  the  *<  Ball-and-socket  j<nnt,"  moat 
Bsnal  in  this  country.    It  takes  its  name  Iron:  the  ball,  in  which 
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Fig.  138  Fif[.  159.  Fig.  160 


tenniiiates  &e  covered  Bpindle  which  eoters  a  ooireBponding  c&vit; 
under  the  compaas  plate,  and  the  Bocket  in  which  this  ball  turns. 
It  admits  of  motion  in  anj  direction,  and  can  be  tightened  or  loos- 
ened hj  turning  Ute  upper  half  of  the  hollow  piece  enclosing  it, 
which  is  screwed  on  tlie  lower  half.  Fig.  159  is  called  the  "  Shell- 
joint."  In  it  the  two  shell-shaped  pieces  enclosing  the  baU  am 
tightened  by  a  thumb-screw.  Kg.  160,  is  "  Cugnot's  joint."  It 
consists  of  two  cyUndera,  placed  at  right  angles  to  each  other,  and 
through  the  axes  of  which  pass  bolts,  which  turn  freely  in  the  cyliiv- 
der  and  can  be  tightened  or  loosened  by  thumb-screws  at  their 
ends.  The  combination  of  the  two  motions  which  this  joint  permits, 
enables  the  instrument  winch  it  carries,  to  be  placed  in  any  desired 
portion.     This  joint  b  much  the  most  stable  of  the  three. 

(231)  Jacob's  Slatr.  A  single  leg,- called  a  "  Jacob's  Staff," 
has  some  advantages,  as  it  is  lifter  to  carry  in  the  field,  and  can 
be  made  of  any  wood  on  the  spot  where  it  is  to  be  used,  thus  sav 
ing  the  expense  of  a  tripod  and  the  trouble  of  its  transportation 
Its  nppor  end  is  fitted  into  the  lower  end  of  a  brass  head  which  has 
a  ball  and  socket  joint,  and  axis  above.  Its  lower  end  should  be 
shod  with  iron,  and  a  spike  running  through  it  is  useful  for  pressing 
it  into  the  ground  with  the  foot.  Of  course  it  cannot  be  conven 
iently  used  on  frozen  ground,  or  on  pavements.  It  may,  however, 
be  set  before  or  behind  the  spot  at  which  the  angle  is  to  be  mea 
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■mod,  provided  Hiat  it  is  pUoed  rery  precisely  in  tLe  line  cf  direo 
turn  &om  that  station  to  the  one  to  which  a  sight  is  to  be  tejien. 

(3S2)  The  Prismatic  Compass.  The  peculiarity  of  ibis  instru- 
meat  (often  called  Schmalcalder's)  is  that  a  glass  triaugular  pmn 
is  sobetituted  £)r  one  of  the  sights.  Such  a  prnm  has  this  peculiar 
proper^  that  at  the  same  time,  it  can  be  seen  through,  so  that  a 
n^t  can  be  taken  throuf^  it,  and  that  its  upper  surface  reflecbi 
like  »  mirror,  so  that  the  numbers  of  the  degrees  immediately  under 
it,  can  be  read  off  at  the  aame  time  that  a  si^t  to  any  object  is 
taken.  Another  peculiarity,  aeceeaarj  for  profiting  by  the  last 
ooe,  is,  that  the  divided  circle  ik  not  fixed,  but  is  a  card  fastened 
to  the  needle  and  moving  around  with  it,  as  in  the  Mariner's  Com- 
pass.    The  minute  description,  which  follows,  is  condensed  from 

RiminB. 

In  the  figure,  A  repre-  "8-  J""' 

seats  the  compass  box,  and 
B  the  card,  which,  being 
attached  to  the  m^netio 
needle,  moves  as  it  moves, 
around  the  agate  centre, 
a,  on  which  it  is  suspend- 
ed. The  circumference 
of  the  card  is  usually  di- 
vided to  ^  or  }  of  a  ie- 
gree.  G  is  a  prism,  which  , 
^e  ol»erver  looks  through. 
The  perpendicular  thread 
oi  &e  sight-vane,  E,  and 

the  diviaong  on  the  card,  appear  tcgether  on  looking  through  the 
jmam,  and  the  £n^on  with  which  the  thread  coincides,  when  the 
needle  is  at  rert,  is  the  "  Bearing"  of  whatever  object  the  thread 
may  bisect,  i.  e.  is  the  angle  which  the  line  of  ^ght  makes  with  the 
direction  of  the  needle.  The  prism  is  mounted  with  a  hinge  joinc, 
D.  The  fflght-rane  has  a  fine  thread  stretched  along  its  opening, 
in  the  direction  of  its  length,  which  is  brought  to  bisect  any  object, 
by  toniing  the  box  around  horizontally.     F  is  a  mirror,  made  ta 
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slide  on  or  off  the  sight-vane,  E ;  and  it  may  be  reversed  at  ple» 
sure,  that  is,  turned  face  downwards ;  it  can  also  be  inclined  at 
any  angle,  by  means  cf  its  joint,  d ;  and  it  will  remain  stationary 
on  any  part  of  the  vane,  by  the  friction  of  its  slides.  Its  use  is  t^ 
reflect  the  image  of  an  object  to  the  eye  of  an  observer  when  the 
object  is  much  above  or  below  the  horizontal  plane.  The  colored 
glasses  represented  at  G,  are  intended  for  observing  the  sun.  At 
e,  is  shown  a  spring,  which  being  pressed  by  the  finger  at  the  time 
of  observation,  and  then  released,  checks  tiie  vibrations  of  the  card, 
and  brings  it  more  speedily  to  rest.  A  stop  is  likewise  fixed  to 
the  other  side  of  the  box,  by  which  the  needle  may  be  thrown  off 
its  centre. 

The  method  of  using  this  instrument  is  very  simple.  First  raise 
the  prism  in  its  socket,  i,  until  you  obtm  a  distinct  view  of  the 
divisions  on  the  card.  Then,  standing  over  the  point  whose  the 
angles  are  to  be  taken,  hold  the  instrument  to  the  eye,  and,  looking 
through  the  slit,  (7,  turn  around  till  the  thread  in  the  sight-vane 
bisects  one  of  the  objects  whose  bearing  is  required ;  then  by  touch- 
mg  the  spring,  «,  bring  the  needle  to  rest,  and  the  division  on  the 
card  which  coincides  with  the  thread  on  the  vane,  will  be  the  bear- 
ing of  the  object  from  the  north  or  south  points  of  the  magnetic 
meridian.  Then  turn  to  any  other  object,  and  repeat  the  operar 
tion ;  the  difference  between  the  bearing  of  this  object  and  that  of 
the  former,  will  be  the  angular  distance  of  the  objects  in  question. 
Thus,  suppose  the  former  bearing  to  be  40^  80',  and  the  latter 
10°  15',  both  east,  or  both  west, 
from  the  noHh  or  south,  the  angle 
will  be  80O 16'.  The  divisions  are 
generally  numbered  5°,  10^,  15^, 
fcc.  around  the  circle  to  860^. 

The  figures  on  the  compass  card 
are  leversed,  or  written  updde 
down,  as  in  the  figure  (in  which 
only  every  fifteenth  degree  is  mark- 
ed), because  they  are  again  re- 
versed by  the  prism. 


Fig.  162. 
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(2SS)  The  prismatic  compass  is  generallj  held  in  the  hand,  the 
bearing  being  caught,  as  it  were,  in  passing ;  but  more  accurate 
readings  would  of  course  be  obtained  if  it  rested  on  a  support,  such 
IS  a  stake  cut  flat  on  its  top. 

In  the  former  mode,  the  needle  never  comes  completely  to  rest, 
particularly  in  the  wind.  In  such  qases,  observe  the  extreme  di« 
visions  between  which  the  needle  vibrates,  and  take  their  ariU^ 
metical  mean. 

(284)  Defects  of  compass.  The  compass  is  deficient  m  botk 
precifflon  and  correctness.* 

The  former  defect  arises  from  the  indefiniteness  of  its  mode  of 
indicating  the  part  of  the  circle  to  which  it  points.  The  point  of 
the  needle  has  considerable  thickness ;  it  cannot  quite  touch  the 
diidded  circle ;  and  these  divisions  are  made  only  to  whole  or  half 
degrees,  though  a  fraction  of  a  division  may  be  estimated,  or  guessed 
at.  The  Vernier  does  not  much  better  this,  as  we  shall  see  when 
explaining  its  use.  Now  an  inaccuracy  of  one  quarter  of  a  degree 
in  an  angle,  i.  e.  in  the  difference  of  the  directions  of  two  lines, 
causes  tiiem  to  separate  from  each  other  5^  inches  at  the  end  of 
100  feet ;  at  the  end  of  1000  feet  nearly  4  J  feet ;  and  at  the  end 
of  a  mile,  23  feet.  A  difference  of  only  one-tenth  of  a  degree,  or 
rix  minutes,  would  produce  a  difference  of  1|  feet  at  tiie  end  of 
1000  feet ;  and  9^  feet  at  the  distance  of  a  mile.  Such  are  the 
differences  which  may  result  from  the  want  of  precisian  in  the  in- 
dications of  the  compass.  ^ 

But  a  more  serious  defect  is  the  want  of  correctness  in  the  com* 
pass.  Its  not  pointing  exactly  to  the  true  north  does  not  indeed 
affect  the  correctness  of  the  angles  measured  by  it.  But  it  does  not 
point  in  the  same  or  in  a  parallel  direction,  during  even  the  same 
day,  but  changes  its  direction  between  sunrise  and  noon  nearly  a 
quarter  of  a  degree,  as  will  be  fiilly  explained  in  Chapter  \lil. 
The  effect  of  such  a  difference  we  have  just  seen.    This  direction 

*  The  itadent  mait  not  eonfooTid  these  two  qualities.    To  say  that  tne  ran  a^ 
pears  to  rise  in  the  eastern  qaarter  of  the  heavens  and  to  set  in  the  western,  is 
mtieUf  bat  not  freeue,     A  watch  with  a  second  hand  indicates  the  time  of  day 
vnetely,  bet  not  always  eorreeUy,    The  statement  that  two  and  two  make  firsi 
•  jNvdfe,  bat  is  not  nsaally  regarded  as  eorrtetm 
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may  also  be  greatly  altered  in  a  moment,  irithout  the  knowledge 
of  the  surveyor,  by  a  piece  of  iron  being  brought  near  to  the  com 
pass,  or  by  some  other  local  attraction,  as  will  be  noticed  hereafter. 
This  is  the  weak  pomt  in  the  compass. 

Notwithstanding  these  defects,  the  compass  is  a  very  valuable 
instrument,  from  its  simplicity,  rapidity  and  convenience  in  use ; 
and  though  never  precise,  and  seldom  correct,  it  is  generally  not 
very  wrong. 


CHAPTER  m. 

THE  FIELD  WORK. 

(285)  Taking  Bearings.  The  ^^  Bearing"  of  a  line  is  the  an- 
gle which  it  makes  with  the  direction  of  the  needle.  Thus,  in  Hg. 
147,  page  124,  the  angle  NAB  is  the  Bearing  of  the  line  AB,  and 
NAG  is  the  Bearing  of  AC.  The  Bearing  and  length  of  a  line  are 
named  collectively  the  C<mr%e. 

To  take  the  Bearing  of  any  line,  set  the  compass  ezactiy  over 
any  point  of  it  by  a  plumb-line  suspended  from  beneath  the  cen- 
tre of  the  compass,  or,  approximately,  by  dropping  a  stone.  Level 
the  compass  by  bringing  the  air  bubbles  to  the  middle  of  the  level 
tubes.  Direct  the  sights  to  a  rod  held  truly  vertical,  or  ^^  plumb," 
at  another  pomt  of  the  line,  the  more  distant  the  better.  The  two 
ends  are  usually  taken.  Sight  to  the  lowest  visible  point  of  the 
rod.  When  the  needle  comes  to  rest,  note  what  division  on  the 
circle  it  pomts  to ;  taking  the  one  indicated  by  the  North  end  of 
the  needle,  if  the  North  point  on  the  circle  is  farthest  from  you, 
and  vice  versa. 

In  reading  the  division  to  wVch  one  end  of  the  needle  points, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  error 
which  might  result  from  the  ^^  parallax,"  or  apparent  change  of 
place,  of  the  end  read  from,  when  looked  at  obliquelv. 
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The  bearing  is  read  and  recorded  by  noting  between  wbat  letters 
die  end  of  the  needle  comes^  and  to  what  number ;  naming,  or 
writing  down,  firBUy^  that  letter,  N  or  S,  which  is  at  the  0^  point 
nearest  to  that  end  of  the  needle  from  which  you  are  reading ; 
•ewndly^  the  number  of  degrees  to  which  it  points,  and  thirdly^ 
the  letter,  E  or  W,  of  the  90^  point  which  is  nearest  to  the  same 
end  of  the  needle.  Thus,  in  4ihe  figure,  if  when  the  sights  were 
directed  along  a  line,  (the  North 
point  of  the  compass  being  most 
distant  from  the  observer),  the 
North  end  of  the  needle  was  at  the 
point  A,  the  bearing  of  the  line 
nghted  on,  would  be  North  45^ 
Gast ;  if  the  end  of  the  needle  was 
at  B,  the  bearing  would  be  JSa%t ;  if 
at  C,  S.  80O  E;  if  at  D,  S(yu£k;  if 
atE,  S.  eO^W;  ifatF,We8t;  if 
at  G,  N.  60^  W;  if  at  H,  N(yr(h. 

(236)  We  can  now  understand  why  W  is  en  the  right  hand  of 
the  compass-box,  and  E  on  the  left.  Let  the  direction  from  the 
centre  of  the  compass  to  the  point 
B  in  the  figure,  be  required,  and 
suppose  the  sights  in  the  first  place 
to  be  pointing  in  the  direction  of  the 
needle,  S  N,  and  the  North  sight 
to  be  ahead.  When  the  sights  (and 
the  circle  to  which  they  are  fasten- 
ed) have  been  turned  so  as  to  point 
in  the  direction  of  B,  the  point  of 
file  circle  marked  E,  will  have  come  round  to  the  JNorth  end  of  the 
needle,  (jsinee  the  needle  remains  immovable^  and  the  reading  will 
therefore  be  ^^  East,"  as  it  should  be.  The  effect  on  the  reading 
B  the  same  as  if  the  needle  had  moved  to  the  left  the  same  quantity 
which  the  si^ts  hare  moved  to  the  right,  and  the  left  side  is  there- 
fore  properly  marked  ^  East,"  and  vice  versa.  So,  too,  if  the 
bearing  of  the  line  to  C  be  desired,  half-way  between  North  and 


Fig.  164. 


4^  ^—  M^  «•  ^  j{ 


140  COMPASS  SI^RFEmfi.  [paktu. 

East,  i.  e.  N.  45^  E. ;  when  lihe  ag^ts  and  the  circle  have 
tomed  45  degrees  to  the  right,  ihe  needle,  reallj  standing  stilL 
has  apparently  arrived  at  the  point  half-way  between  N.  and  E., 
i.  e.  N.  460  E. 

Some  Borveyors'  compasses  are  marked  the  reverse  of  this,  the 
E  on  the  ri^t  and  the  W  en  the  left.  These  letters  must  then  be 
reversed  in  the  mind  before  the  bearing  is  noted  down. 

(257)  Reading  with  Ternlert  When  the  needle  does  not  point 
precisely  to  one  of  the  division  marks  on  the  circle,  the  fractional 
part  of  the  smallest  space  is  usoally  estimated  by  the  eye,  as  has 
been  explained.  But  this  fractional  part  may  be  measured  by  the 
Vernier,  described  in  Art.  (229)9  as  follows.  Suppose  the  needle 
to  point  between  N.  81^  E.  and  N.  Slj^^  E.  Turn  the  tangent 
screw,  which  moves  the  compass-boz,  till  the  smaller  division  (in 
this  case  81^)  has  come  round  to  the  needle.  The  Vernier  will 
then  indicate  through  what  space  the  compaas-boz  has  moved,  and 
therefore  how  much  must  be  added  to  the  reading  of  the  needle. 
Suppose  it  indicates  10  minutes  of  a  degree.  Then  the  bearing  is 
N.  81°  10'  E.  It  is,  however,  so  diflScult  to  move  the  Vernier 
without  disturbing  the  whole  instrument,  that  this  is  seldom  resorted 
to  in  practice.  The  chief  use  of  the  Vernier  is  to  set  the  instru- 
ment for  running  lines  and  making  an  allowance  for  the  variation 
of  the  needle,  as  will  be  explained  in  the  proper  place*    A  Vernier- 

A  Vernier  arc  is  sometimes  attached  to  one  end  of  the  needle 
and  carried  around  bv  it. 

(258)  Practical  Bints.  Mark  every  station,  or  spot,  at  which 
file  compass  is  set,  by  driving  a  stake,  or  dig^g  up  a  sod,  or  piling 
np  stones,  or  otherwise,  so  that  it  can  be  found  if  any  error,  or  other 
cause,  makes  it  necessary  to  repeat  the  survey. 

Very  often  when  the  line  of  which  the  bearing  is  required,  is  a 
fence,  &;c.,  tiie  compass  cannot  be  set  upon  it.  In  such  cases,  set 
tiie  compass  so  that  its  centre  is  a  foot  or  two  from  the  line,  and 
set  the  fla^taff  at  precisely  the  same  distance  from  the  Ime  at  the 
other  end  of  it.  The  bearing  of  the  flag-staff  from  the  compass 
will  be  the  same  as  that  of  the  fence,  the  two  lines  being  parallel 
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The  distances  should  be  measured  on  the  real  line.  If  more  con- 
yenient  the  compass  may  be  set  at  some  point  on  the  line  prolong- 
edy  or  at  some  mtermediate  point  of  the  line,/^  in  line"  between  its 
extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it  level 
crossways  of  the  sights  than  in  their  direction ;  Eonce  if  it  be  not  so, 
(m  looking  up  or  down  hill  through  the  upper  part  of  one  sight  and 
the  lower  part  of  the  other,  the  line  of  nght  will  not  be  parallel  to 
Hie  N  and  S,  or  zero  line,  on  the  compass,  and  an  incorrect  bear- 
ing will  therefore  be  obtained. 

The  compass  should  not  be  levelled  by  the  needle,  as  some  books 
recommend,  i.  e.  so  levelled  Ihat  the  ends  of  the  needle  shall  be  at 
equal  distances  below  the  glass.  The  needle  should  be  brought  so 
originally  by  the  maker,  but  if  so  adjusted  in  the  morning,  it  will 
not  be  so  at  noon,  owing  to  the  daily  variation  in  the  dip.  If 
then  the  compass  be  levelled  by  it,  the  lines  of  fflght  will  generally 
be  more  or  less  oblique,  and  therefore  erroneous.  K  the  needle 
touches  the  glass,  when  the  compass  is  levelled,  balance  it  by  slid* 
ing  the  coil  of  wire  along  it. 

The  same  end  of  the  compass  should  always  go  ahead.  The 
[North  end  is  preferable.  The  South  end  will  then  be  nearest  te 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph,  will  prevent  any  confusion  in  the  bearings. 

Always  take  the  readings  &om  the  same  end  of  the  needle ; 
from  the  North  end,  if  the  North  end  of  the  compass  goes  ahead ; 
and  idee  versa.  This  is  necessary,  because  tne  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
angle  of  two  meeting  lines  can  be  obtained  correctiy  from  either 
end,  provided  the  same  one  is  used  in  taking  Qie  bearings  af  both 
the  lines. 

Gruard  against  a  very  frequent  source  Fig.  165. 

of  error  with  be^nners,  in  readmg  from  ^-r-Q^nXU-j-UXQ^ 
the  wrong  number  of  the  two  between  ^^"^^        I    ^/o^*^ 
which  the  needle  points,  such  as  reading 
84^  &r  26^,  m  u  case  Ske  that  in  the 
figure. 
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Check  the  vibrations  of  the  needle  bj  gently  raising  it  off  the 
pivot  so  as  to  touch  the  glass,  and  letting  it  down  again,  b  j  the  screw 
on  the  under  side  of  the  box. 

The  compass  should  be  smartiy  tapped  after  the  needle  has 
settted,  to  destroy  the  effect  of  any  adhesion  to  the  pivot,  or  firio- 
tion  of  dust  upon  it. 

AU  iron,  such  as  the  chain,  &c.,  must  be  kept  at  a  distance  firooi 
the  compass,  or  it  will  attract  the  needle,  and  cause  it  to  deviate 
from  its  proper  direction. 

The  surveyor  is  sometimes  troubled  by  the  needle  refusdng  to 
traverse  and  adhering  to  the  glass  of  the  compass,  after  he  has 
briskly  wiped  this  off  with  a  silk  handkerchief,  or  it  has  been  car- 
ried so  as  to  rub  agsdnst  his  clothes.  The  cause  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a 
wet  finger  to  the  glass. 

A  compass  should  be  carried  with  its  tsyce  resting  against  tiie 
side  of  the  surveyor,  and  one  of  the  sights  hooked  over  his  arm. 

In  distant  surveys  an  extra  centre  pin  should  be  carried,  (as  it 
is  very  liable  to  injury,  and  its  perfection  is  most  essential),  and, 
also,  an  extra  needle.  When  two  such  are  carried,  they  should 
be  placed  so  that  the  north  pole  of  one  rests  against  the  south  pole 
of  the  other. 

(2S9)  When  the  magnetism  of  the  needle  is  lessened  or  destroy- 
ed by  time,  it  may  be  renewed  as  follows.  Obtain  twu  bar  mag- 
nets. Provide  a  board  with  a  hole  to  admit  of  the  axis,  so  that  its 
collar  may  fit  fairly,  and  that  the  needle  may  rest  flat  on  it,  with- 
out bearing  at  the  centre.  Place  the  board  before  you,  with  the 
north  end  of  the  needle  to  your  right  Take  a  magnet  in  each 
hand,  the  left  holding  the  North  end  of  the  bar,  or  that  which  has 
the  mark  across,  downwards ;  and  the  right  holding  the  same  mark 
upwards.  Bring  the  bars  over  the  axis,  about  a  foot  above  it, 
without  approaching  each  other  within  two  inches: — bring  them 
down  vertically  on  the  needle,  (the  marks  as  directed)  about 
an  inch  on  each  side  of  its  axis ;  slide  them  outwards  to  its  ends 
with  slight  pressure ;  raise  them  up  ;  bring  them  to  their  formei 
position,  and  repeat  this  a  number  of  times. 
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(240)  Back  Sights.  To  test  the  accuracy  of  the  bearing  of  a 
line,  taken  at  one  end  of  it,  set  up  the  compass  at  the  other  end, 
or  point  sighted  to,  and  look  back  to  a  ro«l  held  at  the  first  station, 
or  point  where  the  compass  had  been  placed  ori^nallj.  The  read- 
ing of  the  needle  should  now  be  the  same  as  before. 

If  the  position  of  the  sights  had  been  reversed,  the  reading 
would  be  the  Reverse  Bearing ;  a  former  bearing  of  N.  80^  E« 
would  then  be  S.  80^  W.,  and  so  on. 

(241)  Local  attraction.  If  the  Back-sight  does  not  agree 
with  the  first  or  forward  sight,  this  latter  must  be  taken  over  again. 
If  Ihe  same  difference  is  again  found,  this  shows  that  there  is  local 
MrcuHon  at  one  of  the  stations ;  i.  e.  some  influence,  such  as  a 
mass  of  iron  ore,  ferru^nous  rocks,  &c.,  under  the  surface,  which 
attracts  the  needle,  and  makes  it  deviate  from  its  usual  direction. 
Any  high  object,  such  as  a  house,  a  tree,  &c.,  has  recently  been 
found  to  produce  a  similar  effect. 

To  discover  at  which  station  the  attraction  exists,  set  the  com- 
pass at  several  intermediate  points  in  the  line  which  joins  the  two 
stations,  and  at  points  in  Ihe  line  prolonged,  and  take  the  bearing 
of  the  line  at  each  of  these  points.  The  agreement  of  several  of 
these  bearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  station ;  sight  to  each  of  the 
two  doubtful  ones,  and  then  &om  them  back  to  this  third  station. 
This  will  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  such  as  around  a 
field,  or  along  a  road,  proceed  Pig- 1^6. 

thus.  Let  C  be  the  station  at  C  ^ 

which  the  back-sight  toB  di£-  ^ 
fers  from  the  foresight  from 
B  to  G.  Since  the  back-sight  from  B  to  A  is  supposed  to  have 
agreed  with  the  foresight  from  A  to  B,  the  local  attraction  must  be 
ftt  G,  and  the  forward  bearing  must  be  corrected  by  the  difference 
jnot  found  between  the  fore  and  back  sights,  adding  or  subtracting 
it,  according  to  circumstances    An  easy  method  is  to  draw  a 
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figure  for  ike  case,  as  in  Eg.  167.    In  Fig.  167. 

ity  sa^ppoBe  the  trae  bearing  of  BG,  as 
gjiyen  by  a  fore-fflght  from  B  to  C,  to  be 
N.  40^  E.,  bat  that  there  is  local  air- 
traction  at  G,  BO  that  the  needle  is  drawn 
aade  10^,  and  pdnts  in  the  direction 
S'N',  instead  of  SN.  The  back-^ght 
from  G  to  B  will  then  ^ve  a  bearing 
of  N.  60°  E. ;  a  difference,  or  correo-  ^ 
tion  for  the  next  fore-sight,  of  10°.  If  the  next  foie-sight,  from  C 
to  D,  be  N.  70°  E,  this  10°  must  be  subtracted  from  it,  making 
the  true  fore-sight  N.  60°  E. 

A  general  rule  may  also  be  given.  When  the  hach-9igkt  is 
greater  than  ihefore^ght^  as  in  this  case,  subtract  the  difference 
from  the  next  fore-sight,  if  that  course  and  the  preceding  one  have 
both  their  letters  the  same  (as  in  this  case,  both  being  N.  and  E.), 
or  both  their  letters  different ;  or  add  the  difference  if  eiiher  the 
first  or  last  letters  of  the  two  courses  are  different.  When  the 
haeh-eight  is  less  than  thefare^ghty  add  the  difference  in  the  case 
in  which  it  has  just  been  directed  to  subtract  it,  and  subtract  it 
where  it  was  before  directed  to  add  it. 

(242)  Angles  of  deflectioOi  When  the  compass  indicates 
much  local  attraction,  the  difference  between  the  directions  of 
two  meeting  lines,  (or  Hie  ^^  angle  of  deflection^^  of  one  from  the 
other), 'can  still  be  correctly  measured,  by  taking  the  difference  of 
the  bearings  of  the  two  lines,  as  observed  at  the  same  point.  For, 
the  error  caused  by  the  local  attraction,  whatever  it  may  be,  affects 
both  bearings  equally,  inasmuch  as  a  ^^  Bearing"  is  the  angle 
which  a  line  makes  with  the  direction  of  the  needle,  and  that  here 
remains  fixed  in  some  one  direction,  no  matter  what,  during  the 
takmg  of  the  two  bearings.  Thus,  in  fig.  167,  let  the  true  bear- 
ing of  BG,  i.  e.  the  angle  which  it  makes  with  the  line  SN,  be,  as 
before,  N.  40°  E.,  and  that  of  GD  N.  60°  E.  The  true  "  angle 
of  deflection"  of  these  lines,  or  the  angle  B'GD,is  therefore  20°. 
Now,  if  local  attraction  at  G  causes  the  needle  to  point  in  the  direc- 
S'N',  10°  to  the  left  of  its  proper  direction,  BG  will  bear  N.  60^ 


0HAF.  ni.] 


The  Fleli  W^rk. 


146 


E.J  and  OD  N.  70^  E.,  and  4lie  difference  of  these  bearings,  i.  e, 
the  angle  of  deflection,  -will  be  the  same  as  before. 

(24S)  Aigles  between  Coirses.  To  detennine  the  angle  of 
deflection  of  two  courses  meeting  at  any  point,  the  following  simple 
rules,  the  reasons  of  which  will  appear  from  the  accompanying 
figures,  are  sufficient. 

Fig.  168. 

Case  1.  When  the  first  letters  of  the 
bearing  are  alike,  (i.  e.  both  N.  or  both 
S.},  and  the  last  letters  also  aUke,  (i.  e. 
both  E.  or  both  W.),  take  the  difference 
of  the  bearings.  EoMmple.  If  AB  bears  vr 
N.  80^  E.  and  BC  bears  N.  10°  E.,  the 
an^e  of  deflection  GBB'  is  20^. 


Oa»e  2.  When  the  first  letters  are 
and  tiie  last  letters  different ;  take 
the  sum  of  the  bearings.  Ex.  If  AB 
bears  K  4fP  E.  and  BG  bears  N.  20^ 
W. ;  the  angle  CBB'  is  60°. 


Fig.  170. 


Oa»e  8.  When  the  first  letters  are 
diflbrent  and  the  last  letters  alike,  sub- 
tract the  sum  of  the  bearings  from  180^. 
JEf.  If  AB  bears  N.  80^  E.  and  BO 
beanS.40'>E.;  tiie angle OBB' is llO'^. 


10 
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Fig.  170. 

Vote  4.  When  botih  the  first  and 
last  letters  are  d^rent,  subtract  ihe 
di£brence  of  the  bearingB  from  180°. 

Ec.  If  AB  bears  S.  80°  W.  and  BO   w 

bears  N.  70°  E. ;  the  angle  CBB'  is 

140°  / 


/ 


If  the  angles  included  between  the  eaursee  are  defriiea, 
they  ^lill  be  at  once  found  by  reyerang  one  bearing,  and  then  ap- 
plying the  above  rules ;  or  by  subtracting  the  results  obtained  as 
aboye  from  180^ ;  or  an  analogous  set  of  rules  could  be  formed 
for  them. 

(244)  To  change  Bearings.  It  is  conyenient  in  certain  cal- 
culations to  suppose  one  of  the  lines  of  a  suryey  to  change  its  direc- 
tion so  as  to  become  due  North  and  South ;  that  is,  to  become  a 
new  Meridian  line.  It  is  then  necessary  to  determine  what  (he 
bearings  of  the  other  lines  will  be,  supposmg  them  to  change  ^th 
it.  The  subject  may  be  made  plain  by  supposmg  the  suryey  to  be 
platted  in  the  usual  way,  with  the  North  uppermost,  and  the  plat 
to  be  then  turned  around,  till  the  line  to  be  changed  is  in  the  de« 
sired  direction.  The  effect  of  this  on  the  other  lines  will  be  readily 
seen.    A  General  Hide  can  also  be  formed. 

Take  the  difference  between  the  ori^al  bearing  of  the  side 
which  becomes  a  Meridian  and  each  of  those  beatings  which  have 
both  their  letters  the  same  as  it,  or  both  different  from  it.  The 
changed  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
they  were  originally  greater  than  the  original  bearing  of  the  new  Me* 
ridian  line ;  but,  if  they  were  less,  they  are  thrown  on  the  other  side 
of  the  N.  and  S.  line,  and  their  last  letters  are  changed ;  E.  being 
put  for  W.  and  W  for  E. 

Take  the  sum  of  the  ori^al  bearing  of  the  new  Meridian  line, 
and  each  of  those  bearings  which  haye  one  letter  the  same  as  one 
letter  of  the  former  bearing,  and  one  different.    K  this  sum  exceeds 
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90^,  this  she^s  what  tLe  line  is  thrown  on  the  other  side  of  the 
East  or  West  point,  and  the  difference  between  this  sum  and  180^ 
will  be  the  new  bearing  and  the  first  letter  will  be  changed,  N. 
being  put  for  S.  and  S.  for  N. 

^sample.  Let  the  Bearings  of  the  sides  of  a  field  be  as  follows : 
N.  32^  B. ;  N.  80^  E. ;  S.  48o  E. ;  S.  18o  W. ;  N.  TSJo  w. ; 
North.  Suppose  the  first  side  to  become  du3  North ;  the  changed 
bearings  will  then  be  as  follows:  Notth;  N.  48o  E. ;  9.  80^  E. ; 
S- 140  B. ;  S.  74  JO  W. ;  N.  82^  W. 

To  apply  the  rule  to  the  ^^  North"  course,  as  above,  it  must  be 
caUed  N.  0^  W. ;  and  then  by  the  Rule,  82^  must  be  added  to  it. 

The  true  bearings  can  of  course  be  obtained  from  the  changed 
bearingii,  by  reversing  the  operation,  taking  the  sum  instead  of  the 
difference,  and  viee  versa. 


(245)  Line  Sarveylngt  '  This  name  may  be  ^ven  to  surveys 
of  lines,  such  as  the  windings  of  a  brook,  the  curves  of  a  road,  &c., 
by  way  of  distinction  from  Farm  Surveying^  in  which  the  lines 
surveyed  enclose  a  space. 

To  survey  a  hrook^  or  any  similar  line,  set  the  compass  at,  or 
near,  one  end  of  it,  and  take  the  bearing  of  an  imaginary  or 
visual  line,  running  in  the  general  average  direction  of  the  brook, 

Fig.  172. 


voch  as  AB  in  the  figure.  Measure  this  line,  taking  oflSsets  to  the 
various  bends  of  the  brook,  as  to  the  fence  explained  in  Art.(lU). 
Then  set  the  compass  at  B,  and  take  a  back-sight  to  A,  and  if 
tfaey  agree,  take  a  fore-sight  to  C,  and  proceed  as  before,  noting 
particularly  the  points  where  the  line  crosses  the  brook. 

To  Borvey  a  roady  take  the  bearings  and  lengths  of  the  Imes 

Fig.  173. 
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which  can  be  most  conveniently  meaaored  in  the  road,  and  me» 
sure  o&ets  on  each  side,  to  the  outside  of  the  road. 

When  the  line  of  a  new  road  is  sunrejed,  the  bearings  and 
lengths  of  the  yarious  portions  of  its  intended  centre  line  should  be 
measured,  and  the  distance  which  it  runs  throu^  each  man's  land 
should  be  noted.  Stones  should  be  set  in  the  ground  at  recorded 
distances  firom  each  angle  of  the  line,  or  in  each  line  prolonged  a 
known  distance,  so  as  not  to  be  disturbed  in  making  the  r6ad. 

In  surveying  a  wide  river,  one  bank  may  be  surveyed  by  the 
method  just  ^ven,  and  points  on  the  opposite  banks,  as  trees,  &c., 
may  be  fixed  by  the  method  of  intersections,  founded  on  the  Fourth 
Method  of  determining  the  position  of  a  point ;  and  fully  explained 
in  Part  IV. 

(246)  Checks  by  intersecUng  bearlngSt  At  each  station  at 
which  the  compass  is  set,  take  bearings  to  some  remarkable  object, 
such  as  a  church  steeple,  a  distant  house,  a  high  tree,  &c.  At 
least  three  bearings  should  be  taken  to  each  object  to  make  it  of 
any  use :  smce  two  are  necessary  to  determine  it,  (by  our  Fourth 
Method),  and,  till  thus  determined,  it  can  be  no  check.  When 
the  line  is  platted,  hy  the  methods  to  be  explained  in  the  next 
chapter,  plat  also  the  lines  ^ven  by  these  bearings.  If  those  taken 
to  the  same  object  from  three  different  stations,  intersect  in  the 
same  point,  this  proves  that  there  has  been  no  mistake  in  the  sw> 
vey  or  platting  of  those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  previous  bear* 
ings,  it  shows  that  there  has  been  an  error,  either  between  the  last 
station  and  one  of  those  which  fixed  the  point,  or  in  the  last  bear- 
ing to  the  point.  To  discover  which  it  was,  plat  the  following  lint 
of  the  survey,  and,  at  its  extremity,  set  off  the  bearing  from  it  to  the 
point;  and  if  the  line  thus  platted  passes  throu^  the  pomt,  it 
proves  that  there  was  no  error  in  the  line,  but  only  in  the  bearing 
to  the  point.  If  otherwise,  the  error  was  somewhere  in  the  line 
between  the  stations  from  which  the  bearings  to  that  point  were 
taken. 
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(247)  Kteptng  the  Field-notes.  The  simplest  and  esudest 
method  for  a  beginner  is  to  make  a  rough  sketch  of  the  survey  by 
eye,  and  Tfrite  down  on  the  lines  their  bearings  and  lengths. 

An  improvement  on  thi£  is  to  actually  lay  down  the  precise  bear 
mgB  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to  be 
ejqjlaaned  in  the  chapter  on  Platting,  Art.  (269). 

(248)  A  second  method  is  to  draw  a  straight  line  up  the  page 
of  the  field-book,  and  to  write  on  it  tiie  bearings  and  lengths  of 
the  lines.  The  only  advantage  of  this  method  is  that  the  line  will 
not  ran  off  the  side  of  the  page^  as  it  is  apt  to  do  in  the  preceding 
method. 

(249)  A  third  method  is  to  represoL-t  the  line  surveyed,  by  a 
double  column,  as  in  Part  11,  Chapter  I,  Art.  (95)  >  which  should 
be  now  referred  to.  The  bearings  are  written  obliquely  up  the 
columns.  At  the  end  of  each  course,  its  length  is  written  in  the 
column,  and  a  line  drawn  across  it.  Doited  lines  are  drawn  across 
the  column  at  any  intermediate  measurement.  O&ets  are  noted 
as  explained  in  Art.  (114). 

The  intersection-bearings,  described  in  Art.  (246),  should  be 
entered  in  the  field-book  b^ore  the  bearings  of  the  line,  in  order 
lo  avoid  nustakes  of  platting,  in  setting  off  the  measured  distances 
fm  the  wrong  line. 

(2M)  A  fourth  method  is  to  write  the  Stations,  Bearings,  and 
Distances  in  three  columns.  This  is  compact,  and  has  the  advan- 
tage, when  applied  to  farm  surveying,  of  presenting  a  form  suitable 
for  the  subsequent  calculations  of  Content,  but  does  not  give  facili- 
ties for  noting  o&ets. 

Examples  of  these  four  methods  are  given  in  Art.  (254) ;  which 
eontains  the  field-notes  of  the  lines  bounding  a  field. 

(251)  ffew-Torlc  Canal  Maps.  The  following  is  a  description 
rf  tiie  origaial  maps  of  the  survey  of  the  line  of  the  New-York  Erie 
Canal,  as  published  by  the  Canal  Commissioners.  The  figure 
represents  a  portion  of  such  a  map ;  but,  necessarily,  with  all  its 
bies  black ;  r^i  and  blue  lines  being  used  on  the  real  map. 


160 


COMPASS  SVRFETING. 

Fig.  174. 


f PART  m 


^^  The  Rbd  Line  described  along  the  inner  edge  of  the  towing 
path  is  the  base  line^  upon  which  all  the  measurements  in  the  direc- 
tion of  the  length  of  the  canal  were  made.  The  bearings  refer  to 
the  magnetic  meridian  at  the  time  of  the  survey.  The  lengths  of 
the  several  portions  are  inserted  at  the  end  of  each,  in  chains  and 
links.  The  offsets  at  each  station  are  represented  by  red  lines 
drawn  across  the  cansd  in  such  a  direction  as  to  bisect  the  angles 
formed  by  the  two  contiguous  portions  of  the  red  or  base  line,  upon 
the  towing  path.  The  intermediate  oflEsets  are  set  off  at  right  angles 
to  the  base  line ;  and  the  distances  on  both  are  ^ven  from  it  in 
links.  The  intermediixte  offsets  are  represented  by  red  dotted  lines j 
and  the  distances  to  them  upon  the  base  line  are  reckoned,  in  each 
case,  from  the  last  preceding  station.  The  same  is  likewise  done 
with  the  otiier  distances  upon  tiie  base  line ;  those  to  the  Bridges 
bemg  taken  to'  the  lines  joimng  the  nearest  angles,  or  comer  posts 
of  their  abutments ;  those  to  the  Locks  extending  to  the  lines  pass- 
mg  through  the  centres  of  the  two  nearest  quoin  posts ;  and  those 
to  the  Aqued^ictSj  to  the  faces  of  their  abutments.  The  space 
enclosed  by  the  Blue  Lines  represents  the  portion  embraced  with- 
in the  limits  of  the  survey  as  belonging  to  the  state ;  and  the  names 
of  the  adjoining  proprietors  are  ^ven  as  they  stood  at  the  time  of 
executing  tiie  survey.  The  distances  are  projected  upon  a  scaie 
of  two  chains  to  the  inch." 


(252)  Farm  Sarveyiiig.  A  farm,  or  field,  or  other  space  m- 
oluded  within  known  lines,  is  usually  surveyed  by  the  compass 
thus.  Be^  by  walking  around  the  boundary  lines,  and  setting 
stakes  at  all  the  comers,  which  the  flag-man  should  specially  note, 
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so  that  he  may  readily  find  ihem  again.  Then  set  the  compass  al 
any  corner^  and  send  the  flag-man  to  the  next  corner.  Take  the 
bearing  of  the  bounding  line  running  &om  comer  to  comer,  which 
18  ttsiially  a  fence.  Measure  its  length,  taking  o&ets  if  necessary. 
Note  where  any  other  fence,  or  road,  or  other  line,  crosses  or  meeti 
it,  and  take  their  bearings.  Take  the  compass  to  the  end  of  thig 
first  bomiding  line  ;  sight  back,  and  if  Ihe  back-6ight  agrees,  take 
{he  bearing  and  distance  of  the  next  bounding  line ;  and  so  proceed 
till  you  have  got  back  to  the  point  of  starting. 

(253)  Where  speed  is  more  important  than  accuracy  in  a  sur- 
vey, whether  of  a  line  or  a  farm,  tiie  compass  need  be  set  only  at 
ereiy  other  station,  taking  a  forward  ed^t,  fix>m  ihe  1st  station  to 
the  2d ;  then  setting  the  compass  at  the  8d  station,  taking  a  back- 
aght  to  the  2d  station  (but  with  the  north  point  of  the  compass  at 
ways  ahead),  and  a  fore-si^t  to  the  4th ;  then  gomg  to  the  5th, 
and  80  on.    This  is,  however,  not  to  be  recommended. 

(254)  Field-notes*  The  Held-notes  of  a  Farm  survey  may  be 
kept  by  any  of  the  methods  which  have  been  described  with  lefer* 
ence  to  a  Une  survey.  Below  are  ^ven  the  Field-notes  of  ths 
itaie  field  recorded  by  each  of  the  methods. 

ISrit  Method. 

Fig.  175. 
®N  BZi^  E® 
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(^255)  The  Held-notes  of  a  field,  in  which  ofisets  occur,  may  bt 
most  eanlj  recorded  by  the  Third  Method ;  as  m  lig.  176. 

When  the  Held-notes  are  recorded  by  the  Fourth  Method, 
the  ofiets  may  be  kept  in  a  separate  Table;  in  which  the  Ist 
eo.nmn  will  contain  the  stations  firom  which  the  measurements  aro 
made,  the  2d  column  the  distances  at  which  they  oocuri  the  8d 

« 

*  In  the  **  Third  Method/'  the  beariogi  thoald  be  writteD  obliquely  upward 
•f  directed  in  Art,  (249)  bat  art  not  lo  printed  here,  from  ^pograpnical  dilB 
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eolamn  Hie  lengths  of  the  offiiets,  and  the  4th  column  the  aide  of 
the  line,  «  Bight,"  or  "  Left,"  on  which  they  He. 

For  calculation,  four  more  columns  may  be  added  to  the  table, 
containmg  the  inter7als  between  the  offiets ;  the  sums  of  the 
adjmning  pahs ;  and  the  products  of  the  numbers  m  the  two  pro- 
ceding  columns,  separated  into  Bight  and  Left,  one  bemg  additiva 
to  the  field,  and  the  other  subtractive. 

(256)  Tests  of  accnracyt  1st.  The  check  of  intersections  de- 
bribed  m  Art.  (240),  may  be  employed  to  great  advantage,  when 
some  conspicuous  object  near  the  centre  of  the  &rm  can  be  seen 
from  most  of  its  comers. 

2nd.  When  the  survey  is  platted,  if  the  last  course  meets  the 
starting  point,  it  proves  the  work,  and  the  survey  is  then  said  to 
«  dose." 

8d.  Diagonal  lines,  running  firom  comer  to  comer  of  the  farm, 
like  the  ^*  Proof-lines"  in  Chain  Surveying,  may  be  measured  and 
their  bearings  taken.  When  these  are  laid  down  on  the  plat,  thehr 
meeting  the  points  to  which  they  had  been  measured,  proves  the 
work. 

4th.  The  only  certain  and  precise  test  is,  however,  that  by 
^  Latitudes  and  Departures."  This  is  ftdly  exphiined  in  Chapter 
y,  of  this  Part. 

(257)  A  very  fallacious  test  is  recommended  by  several  writers 
on  this  subject.  It  is  a  well-known  proposition  of  Qeometry,  that 
m  any  figure  bounded  by  strai^t  lines,  the  sum  of  all  the  interior 
angles  is  equal  to  twice  as  many  right  angles,  as  the  figure  has  sides 
less  two ;  since  the  figure  can  be  divided  into  that  number  of  tri« 
angles.  Hence  this  common  rule.  ^^  Calculate  [by  the  last  parar 
graph  of  Art.  (218)]  the  interior  angles  of  the  field  or  farm  sujv 
veyed ;  add  them  together,  and  if  their  sum  equals  twice  as  many 
right  angles  as  the  figure  has  sides  less  two,  the  angles  have  been 
correctly  measured."  This  rule  is  not  applicable  to  a  compass  suf> 
vey ;  for,  ui  Hg.  167,  page  144,  the  interior  angle  BCD  will  con- 
tain the  same  number  of  degrees  (m  that  case  160^)  whether  tiie 
bearings   of  the  tides  have  been  noted  correctiy,  as  bemg  the 
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acgles  which  they  make  with  KS — or  incorrectly ,  as  being  the 
angles  which  they  make  witli  WS'.  This  rale  would  therefore 
prove  the  work  in  either  case. 

(258)  Metkikl  of  Railation*  A  field  may  he  surveyed  from 
ime  station,  either  within  it  or  without  it,  by  taking  the  bearings  and 
the  distances  from  that  point  to  each  of  the  comers  of  the  field. 
These  comers  are  then  ^^  determined,"  by  the  Sd  method,  Art.  (7). 
This  modification  of  that  method,  we  named,  in  Art  (220)>  the 
Method  of  JRadiation,  All  our  preceding  surveys  with  the  com- 
pass have  been  by  the  Method  of  Progression. 

The  compass  may  be  set  at  one  comer  of  the  field,  or  at  a  point 
in  one  of  its  sides,  and  the  same  method  of  Radiation  employed. 

This  method  is  seldom  used  however,  since,  unlike  the  method 
of  Progression,  its  operations  are  not  checks  upon  each  other. 

(259)  IHethol  of  Intersection.  A  field  may  also  be  surveyed 
by  measuring  a  base  line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base  line,  and  taking,  fix)m  each  end, 
the  bearings  of  each  comer  of  the  field ;  which  will  then  be  fixed 
and  determined,  by  the  4th  method.  Art.  (8).  This  mode  of  sur 
veying  is  the  Method  of  Intersections^  noticed  in  Art.  (220).  It 
will  be  fully  treated  of  in  Part  Y,  under  the  title  of  Trlang^ar 

garreylD;. 

(260)  Rnnniiig  out  old  Ihies.  The  original  surveys  of  lands 
in  the  older  States  of  the  American  Union,  were  exceedingly  defi- 
cient in  precision.  This  arose  firom  two  principal  causes ;  the  small 
Talue  of  land  at  the  period  of  these  surveys,  and  the  want  of  skill 
in  the  surveyors.  The  efiect  at  the  present  day  is  firequent  dissat- 
isfaction and  litigation.  Lots  sometimes  contain  more  acres  than 
they  were  sold  for,  and  sometimes  less.  Lines  which  are  stnaght 
in  the  deed,  and  on  the  map,  are  found  to  be  crooked  on  the 
ground.  The  recorded  surveys  of  two  adjoining  fiurms  oflen  make 
one  overlap  the  other,  or  leave  a  gore  between  them.  The  most 
difficult  and  delicate  duty  of  the  land-surveyor,  is  to  run  out  these 
old  boundary  lines.    In  such  cases,  his  first  business  is  to  find 
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monuments,  stones,  marked  trees,  stumps,  or  any  other  old  ^^  cor- 
ners," or  landmarks.  These  are  his  starting  points.  The  owners 
whose  lands  join  at  these  comers  should  agree  on  them.  Old 
fences  must  generallj  be  accepted  by  right  of  possession ;  though 
such  questions  belong  rather  to  the  lawyer  than  to  the  surveyor.* 
Ilis  busmess  is  to  mark  out  on  the  ground  the  lines  given  in  the 
deed.  When  the  bounds  are  ^ven  by  compass-bearings,  the  sur- 
veyor must  be  reminded  that  these  bearings  are  very  far  from  being 
the  same  now  as  ori^aQy,  having  been  changing  every  year. 
The  method  of  determining  this  important  change,  and  of  making 
the  proper  allowance,  will  be  found  in  Chapter  YIII,  of  this  Part. 

(2ftl)  Town  SurvejFlBf^t  Begin  at  the  meeting  of  two  or  more 
of  the  principal  streets,  through  which  you  can  have  the  longest 
prospects.  Having  fixed  the  instrument  at  that  point,  and  taken 
the  bearings  of  all  the  streets  issuing  from  it,  measure  all  these  lines 
with  the  chain,  takmg  o&ets  to  all  the  comers  of  streets,  lanes, 
bending?,  or  windings ;  and  to  all  remarkable  objects,  as  churches, 
markets,  public  buildings,  Jcc.  Then  remove  'tiie  instrument  to 
the  next  street,  take  its  bearings,  and  measure  along  the  street  aa 
before,  takmg  offiets  as  you  go  along,  with  the  o&et^taff.  Proceed 
in  this  manner  fix)m  street  to  street,  measuring  the  distances  and 
ofisets  as  you  proceed. 


_i 
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*  **  In  tbe  description  af  land  conreyed,  the  rale  is,  that  known  and  fixed  mon* 
■mentB  control  coarset  and  distances.     So,  the  certainty  of  metes  and  bonnds  wiC 
toclode  and  pass  all  the  lands  within  them,  though  they  vary  from  the  givpi 
quantity  expressed  in  the  deed.     In  New-York,  to  remove,  deface  or  alter  land 
marks  malicioas1y>  is  au  indictable  offence." — Keni*9  Commentariet,  IV,  515 
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Thus,  in  the  figure,  fix  the  mstrument  at  A,  and  measure  lines 
in  the  direction  of  all  the  streets  meetmg  there,  noting  their  bear- 
mgs;  then  measure  AB,  noting  the  streets  at  X,X. .  At  the  second 
station,  B,  take  the  bearings  of  all  the  streets  which  meet  there ; 
and  measure  from  B  to  C,  noting  the  places  and  the  bearings  of 
all  the  cross-streets  as  you  pass  them.  Proceed  in  like  manner 
&om  C  to  D,  and  from  D  to  A,  ^^  closing"  there,  as  in  a  farm  sur- 
vey. Having  thus  surveyed  all  the  principal  streets  in  a  particu- 
lar neighborhood,  proceed  then  to  survey  the  smaller  intermediate 
streets,  and  last  of  all,  the  lanes,  alleys,  courts,  yards,  and  every 
other  place  wluch  it  may  be  thought  proper  to  represent  in  the 
plan.  The  several  cross-streets  answer  as  good  check  lines,  to 
prove  the  accuracy  of  the  work.  In  this  manner  you  continue  till 
you  take  in  all  the  town  or  city. 

(262)  Obstacles  In  Compass  Surveying.  The  various  obsta- 
cles  which  may  be  met  with  in  Compass  Surveying,  such  as  woods, 
water,  houses,  &;c.,  can  be  overcome  much  more  easily  than  in 
Chain  Surveying.  But  as  some  of  the  best  methods  for  efiectmg 
this  involve  principles  which  have  not  yet  been  fully  developed,  it 
will  be  better  to  postpone  ^ving  any  of  them,  tall  they  can  be  all 
treated  of  together ;  which  will  be  done  in  Part  YII. 
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PLATTING  THE  8VRYET. 

(MS)  The  platiang  of  a  suryey  made  with  the  sompasSy  conmsti 
m  drawing  on  paper  the  lines  and  the  angles  which  have  been 
measured  on  the  ground.  The  lines  are  drawn  ^^  to  scale,"  as  has 
been  fiilly  explained  in  Part  I,  Chapter  III.  The  maoner  of  plat^ 
ting  angles  was  referred  to  in  Art.  C^l),  but  its  explanation  has 
been  reserved  for  this  place. 


(264)  With  a  Protractor*  A  Protractor  is  an  mstromeni 
made  for  this  object,  and  is  usually  a  semicircle  of  brass,  as  in  the 
0gure,  with  its  semi-circumference  divided  into  180  equal  parts,  or 

Fig.  178. 


degrees,  and  numbered  in  both  directions.  It  is,  in  fact,  a  ainiar 
tore  of  the  instrument,  (or  of  half  of  it),  with  which  the  angles 
have  been  measured.  To  lay  off  any  angle  at  any  point  cf  a 
straight  line,  place  the  Protractor  so  that  its  straight  side,  the 
diameter  of  the  semi-circle,  is  on  the  given  line,  and  the  middle  of 
this  diameter,  which  is  marked  by  a  notch,  is  at  the  ^ven  point. 
Wiih  a  needle,  or  sharp  pencil,  make  a  mark  on  the  paper  at  the 
required  number  >f  degrees,  and  draw  a  line  from  the  mark  to  the 
^ven  point. 
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Sometimes  the  protractor  has  an  arm  tunung  on  its  centre,  &ni 
extending  beyond  its  circumference,  so  that  a  line  can  be  at  onoe 
drawn  by  it  when  it  ia  set  to  tiie  desired  angle.  A  Vernier  scale 
IB  sometimes  added  to  it  to  increase  its  precision. 

A  Rectangular  Protractor  is  sometimes  used,  the  divisiona  of 
degrees  being  engraved  alcmg  three  edges  of  a  plane  scale.  The 
■emi-circnlar  one  is  preferable.  The  objection  to  the  rectangular 
protractor  is  that  the  divimon  corresponding  ta  a  degree  is  very 

Fig.  179. 


unequal  on  different  parts  of  the  scale,  being  usnally  two  or  three 
times  as  great  at  its  ends  as  at  its  middle. 
^A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
renuers,  is  also  sometdmes  employed,  for  the  sake  of  greater  accu- 
racy. 

(265)  PlattiB^  BearlBfS.  Since  "Bearings"  taken  with  the 
Compass  aie  the  angles  which  the  rarious  lines  make  with  ihe 
Magnetic  Meridian,  or  the  direction  of  the  compaas-needle,  which, 
aa  we  have  seen,  remains  always  (approximately)  parallel  to  itself, 
it  is  necessary  to  draw  these  meridians  through  each  station,  before 
laying  off  the  angles  of  the  bearings. 

The  T  square,  shown  in  Rg.  14,  is  the  moat  convenient  instru- 
ment for  this  purpose.  The  paper  on  which  the  plat  is  to  be  madn 
IS  fastened  on  the  board  so  that  the  intended  direction  of  the 
North  and  South  line  may  be  parallel  to  one  of  the  ndes  of  the 
board.  The  uiner  side  of  the  stock  of  the  T  square  being  pressed 
agfuust  one  of  the  other  sides  of  the  board  and  slid  along,  the  edge 
of  the  long  blade  of  the  square  will  always  be  parallel  to  itself  and 
to  the  first  named  side  of  the  board,  and  mil  thus  represent  th« 
meiidian  passng  through  any  station. 
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If  a  straighiredged  drawing  *"'«•  i*^ 

board  or  table  cannot  bo  pro- 
cured, nail  down  on  a  table  of 
any  shape  a  straigh^edged  ru- 
ler, and  slide  along  against  it 
the  ontside  of  the  stock  of  a  T 
square,  one  side  of  the  stock 
being  flush  with  the  blade. 

A  parallel  ruler  may  also  be 
used,  one  part  of  it  being 
screwed  down  to  the  board  in 
the  proper  position. 

If  none  of  these  means  are  at  hand,  approximately  parallel  meri« 
dians  may  be  drawn  by  the  edges  of  a  conmion  ruler,  at  Stances 
apart  equal  to  its  width,  and  the  diameter  of  the  protractor  made 
parallel  to  them  by  measuring  equal  distances  between  it  and  them. 

(MS)  To  plat  a  survey  with  these  instruments,  mark,  with  a  Sue 
point  enclosed  in  a  circle,  a  convenient  spot  in  the  paper  to  repre- 
sent the  first  station,  1  in  the  figure.    Its  place  must  be  so  chosen 

Fijc.  181. 
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that  the  plat  may  not  ^^  ran  off''  the  paper.  With  the  T  square 
draw  a  meridian  through  it.  The  top  of  the  paper  is  usuaUj, 
though  not  necessarily,  called  North.  With  the  protractor  lay  off 
the  angle  of  the  first  bearing,  as  directed  in  Art.  (264).  Set  off 
the  length  of  the  first  Ime,  to  the  desired  scale,  by  Art.  (42),  from 
1  to  2.    The  line  1 2  represents  the  first  course. 

Througjh  2,  draw  another  meridian,  lay  off  the  ang|le  of  the 
second  course,  and  set  off  the  length  of  this  course,  from  2  to  3. 

Proceed  in  like  manner  for  each  course.  When  the  last  course  is 
platted,  it  should  end  precisely  at  the  starting  point,  as  the  survey 
did,  if  it  were  a  closed  survey,  as  of  a  field.  If  the  plat  does  not 
"  close,"  or  "  come  together,"  it  shows  some  error  or  inaccuracy 
either  in  tiie  original  survey,  if  that  have  not  been  ^^  tested"  by 
Latitudes  and  Departures,  or  in  tiie  work  of  platting.  A  method 
of  correction  is  explained  in  Art.  (268).  The  plat  here  ^ven  is 
the  same  as  that  of  Hg.  175,  page  151. 

This  manner  of  laying  down  the  directions  of  lines,  by  the  angles 
which  tiiey  make  with  a  meridian  line,  has  a  great  advantage,  in 
both  accuracy  and  rajudity,  over  the  method  of  platting  lines  by 
the  angles  which  each  makes  with  tiie  line  which  comes  before  it. 
In  the  latter  method,  any  error  in  the  direction  of  one  line  makes 
all  that  follow  it  also  wrong  in  their  directions.  In  the  former,  the 
direction  of  each  line  is  independent  of  the  preceding  line,  though 
its  position  would  be  changed  by  a  previous  error. 

Instead  of  drawing  a  meridian  throng  each  station,  sometimes 
only  one  is  drawn,  near  the  middle  of  the  sheet,  and  all  the  bear- 
ings of  the  survey  are  laid  off  {torn  some  one  point  of  it,  as  shown 
in  the  figure,  and  numbered  to  correspond  with  the  stations  from 
which  these  bearings  were  taken.  The  circular  protractor  is  conve- 
nient for  this.  They  are  then  transferred  to  the  places  where 
they  are  wanted,  by  a  triangle  or  other  parallel  ruler,  as  explained 
on  page  27.  The  figure  at  the  top  of  the  next  page  represents 
the  same  field  platted  by  this  method. 

A  semi-circular  protractor  is  sometimes  attached  to  the  stock 
end  of  the  T  square,  so  that  its  blade  may  be  set  at  any  desired 
an^e  with  the  meridian,  and  any  bearing  be  thus  protracted  witb> 
out  drawing  a  meridian.     It  has  some  inconveniences. 
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(3C7)  The  Compass  itself  may  be  used  to  plat  bearings.  For 
diis  purpose  it  must  be  attached  to  a  square  board  so  that  the  N 
and  S  line  of  the  compass  box  may  be  parallel  to  two  opposite 
edges  of  the  board.  This  is  placed  on  the  paper,  and  the  box  is 
tamed  till  the  needle  points  as  it  did  when  the  first  bearing  was 
taken.  Then  a  line  drawn  by  one  edge  of  the  board  will  be  in  a 
proper  direction.  Mark  off  its  length,  and  plat  the  next  and  the 
Bocceeding  bearings  in  the  same  manner. 


(2C8)  When  the  plat  of  a  survey  does  not  ^^  close/'  it  may  be 
corrected  as  follows.    Let  Fig.  iss. 

ABCDE  be  the  boundary  fi' 

fines  platted  according  to  •"^S^^^^T*'^-*     C 

the   gLven  bearings  and  x'  ~  '^ 

distances,  and  suppose  that  ^  ^^-^^"^^  -^  ^0 

the  last  course  comes  to  E,  A<<!^ 
instead  of  ending  at  A,  as      \    """"'^'^^^^        / 
h  should.    Suppose  also         v  *"*^D^ 

tfiat  there  is  no  reason  to      1 
suspect  any  smgle  great  O 

error,  and  that  no  one  of  tiie  lines  was  measured  oyer  very  rough 

11 
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groond,  or  was  specially  uncertain  in  its  direction  when  observed. 
The  inaccoracj  most  then  be  distributed  among  all  the  lines  in 
praportian  to  their  lenffih.  Each  point  in  the  figure,  B,C,D,E,  must 
be  moved  in  a  direction  parallel  to  EA,  by  a  certain  distance  which 
is  obtained  thus.  Multiply  the  distance  EA  by  the  distance  AB, 
and  divide  by  the  sum  of  all  the  courses.  The  quotient  wiU  be  the 
distance  BB'.  To  get  CC,  multiply  EA  by  AB  +  BC,  and  divide 
the  product  by  the  same  sum  of  all  the  courses.  To  get  DD',  mul- 
tiply EA  by  AB  +  BC  +  CD,  and  divide  aa  before.  So  for  any 
course,  multiply  by  the  sum  of  the  lengths  of  that  course  and  of  all 
tiiose  preceding  it,  and  divide  as  before.  Join  the  points  thus 
obtained,  and  the  closed  polygon  AB'C'D'A  will  thus  be  formed, 
and  will  be  the  most  probable  plat  of  the  given  survey.* 

The  metiiod  of  Latitudes  and  Departures,  to  be  explained  here 
after,  is,  however,  the  best  for  efifecting  this  object. 

(2<9)  Field  Platting.  It  is  sometimes  desirable  to  plat  tiie 
courses  of  a  survey  in  the  field,  as  soon  as  they  are  taken,  as  was 
mentioned  in  Art.  (247),  under  the  head  of  ''  Keeping  the  field- 
notes."  One  method  of  doing  this  is  to  have  the  paper  of  the 
I^eld-book  ruled  with  parallel  lines,  at  unequal  distances  apart, 
and  to  use  a  rectangular  pro- 
tractor (which  may  be  made 
of  Bristol-board,  or  other  stout 
drawing  paper,)  with  lines  rul« 
ed  across  it  at  equal  distances 
of  some  fraction  of  an  inch.  A 
bearing  having  been  taken  and 
noted,  the  protractor  is  laid  on 
the  paper  and  its  centre  placed  at  the  station  where  the  bearing  ia 
to  be  laid  off.  It  is  then  turned  till  one  of  its  cross-lines  coincides 
with  some  one  of  the  lines  on  the  paper,  which  represent  Eaat  and 
West  lines.  The  long  side  of  the  protractor  will  then  be  on  a 
meridian  and  the  proper  angle  (40°  in  the  figure)  can  be  at  once 
marked  off.  The  length  of  tiie  course  can  also  be  set  off  by  tiia 
equal  spaces  between  the  crosa-lines,  letting  each  space  represent 
any  convenient  number  of  links. 

■  Tbis  was  demonstrated  by  Dr.  Bowditcr,  m  No.  4,  of  "  The  AnalYit' 
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(270)  A  common  rectangular  protractor  without  any  cross-linesi 
or  a  semi-circular  one,  can  also  Fig.,i85. 

be  used  for  the  same  purpose. 
The  parallel  lines  on  the  paper 
(which,  in  this  method,  may 
be  equi-distant,  as  in  common 
ruled  writing  paper)  will  now 
represent  meridians.  Place 
the  centre  of  the  protractor 
on  the  meridian  nearest  to  the 
station  at  which  the  angle  is  to 
be  Ifud  off,  and  turn  it  iill  the 
^yen  number  of  degrees  is  cut  by  the  meridian.  Slide  the  pro- 
tractor up  or  down  the  meridian  (which  must  continue  to  pass 
through  the  centre  and  tiie  proper  degree)  till  its  edge  passes 
through  the  station,  and  then  draw  by  this  edge  a  line,  which  will 
have  the  bearing  required. 

(271)  Paper  ruled  into  squares^  (as  are  sometimes  the  right- 
hand  pages  of  surveyors'  field-books),  may  be  used  for  plattmg 
bearings  in  the  field.  The  lines  running  up  the  page  may  be  called 
North  and  South  lines,  and  those  running  across  the  page  will  then 
be  East  and  West  Imes.  Any  course  of  the  survey  will  be  the 
hypothenuse  of  a  right-angled  triangle,  and  ^e  ratio  of  its  other 
two  sides  will  determine  the 
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angle.  Thus,  if  the  ratio  of 
the  two  sides  of  the  right^tn- 
gled  triangle,  of  which  the  line 
AB  in  the  figure  is  the  hypoth- 
enuse, is  1,  that  line  makes  an 
angle  of  45^  with  the  meridian. 
If  the  ratio  of  the  long  to  the 
ihort  side  of  the  right-angled 
triangle  of  which  the  Ime  AC 
is  the  hypothenuse,  is  4  to  1, 
fhe  line  AC  makes  an  angle 
of  14*  with  the  meridian.     The  line  AD,  the  hypothenuse  of  an 
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equal  triangle,  which  has  its  long  edde  Ijing  East  and  West,  makeg 
likewise  an  angle  of  14^  with  that  side,  and  therefore  makes  an 
angle  of  76^  with  the  meri^an.^ 

To  fisMsilitate  the  use  of  this  method,  the  following  table  has  b^eD 
prepared. 

TABLE   FOR    PLATTIKQ  BT   S;inARES. 


1 

Ratio  of 
long  aide  to 
short  side. 

1^ 

10 

57.3  to  1 

890 

2° 

28.6  to  1 

880 

3° 

19.1  to  1 

870 

40 

14.3  to  1 

860 

50 

11.4  to  1 

850 

6° 

9.5  to  1 

840 

70 

8.1  to  1 

830 

8° 

7.1  to  1 

820 

90 

6.3  to  1 

8I0 

10° 

6.7  to  1 

8O0 

11° 

5.1  to  1 

790 

120 

4.9  to  1 

780 

130 

4.3  to  1 

770 

140 

4.0  to  1 

760 

150 

3.7  to  1 

750 

< 


Ratio  of 

long  side  to 

ahort  »ide. 


ItJO 
170 

180 
190 
200 
210 

220 
230 

24<^ 
250 
260 

270 
280 
290 
30O 


3.49  to 
3.27  to 
3.08  to 
2.90  to 
2.75  to 
2.61  to 
2.48  to 
2.36  to 
2.25  to 
2.14  to 
2.05  to 
1.96  to 
1.88  to 
1.80  to 
1.73  to 


a-- 


740 

730 

720 

710 

700 
690 
680 
670 
66O 
650 
640 
630 
620 
6I0 
60^ 


310 

320 
330 

340 
350 
36^ 

370 
380 

390 
40O 
410 

420 

430 
440 

45^ 


Ratio  of 
long  side  to 
short  side. 


1.664  to  1 
1.600  to  1 
1.540  to  1 
1.483  to  1 
1.428  to  1 
1.376  to  1 
1.327  to  1 
1.280  to  1 
1.235  to  1 
1.192  to  1 
1.150  to  1 
1.111  to  1 
1.072  to  1 
1.036  to  1 
1.000  to  1 


590 
580 
570 
560 

550 
540 

530 
520 

510 
500 
490 

480 
470 

46«> 
450 


To  use  this  table,  find  in  it  the  ratio  corresponding  to  the  angle 
which  jou  wish  to  plat.  Then  count,  on  the  ruled  paper,  any 
number  of  squares  to  the  right  or  to  the  left  of  the  point  which 
represents  the  station,  according  as  your  bearing  was  East  or  West ; 
and  count  upward  or  downward  according  as  jour  bearing  was  North 
or  South,  the  number  of  squares  given  by  multiplying  the  fii-st  num 
ber  by  the  ratio  of  the  Table.  Thus ;  if  the  ^ven  bearing  firom  A 
in  the  figure,  was  N.  20o  E.  and  two  squares  were  counted  to  the 
right,  then  2  x  2.75  =  5^  squ9.res,  should  be  counted  upward,  to 
E,  and  AE  would  be  the  required  course. 


(272)  With  a  paper  protractors  Engraved  paper  protractora 
may  be  obtained  firom  the  mstrument-makers,  and  are  very  conve* 

1 

*  This  and  aU  the  following  ratios  may  be  obtained  directly  from  Trigonnme> 
trical  Tables ;  for  the  ratio  of  the  long  side  to  the  short  side,  the  latter  being 
tftken  as  unity,  is  the  natural  cotangent  of  the  angle. 
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nient.  A  circle  of  large  size,  divided  into  degrees  and  quai*ters, 
is  engraved  on  copper,  and  impressions  from  it  are  taken  on  draw- 
bg  paper.  The  divisions  are  not  numbered.  Draw  a  straight  line 
to  represent  a  meridian,  through  the  centre  of  the  circle,  in  any 
convenient  direction.  Number  the  degrees  from  0  to  90^,  each 
way  from  the  ends  of  this  meridian,  as  on  the  compass-plate.  The 
protractor  is  now  ready  for 
use.  Choose  a  convenient 
point  for  the  first  station. 
Suppose  the  first  bearing  to 
be  N.  80**  E.  The  line  pass- 
mg  through  the  centre  of  the 
circle  and  through  the  oppo- 
nte  pomts  N.  SO""  E.  and  S. 
80**  W.  has  the  bearing  re- 
quired. But  it  does  not  pass 
Arou^  the  station  1.  Transfer  it  thither  by  drawing  through 
station  1  a  line  parallel  to  it,  which  will  be  the  course  required,  its 
proper  length  being  set  off  on  it  from  1  to  2.  Now  suppose  the 
beanng  from  2  to  be  S.  60^  E.  Draw  through  2  a  line  parallel 
to  the  line  passing  through  the  centre  of  the  circle  and  through 
the  opposite  points  S.  60**  E.,  and  N.  60**  W.,  and  it  will  be  the 
Une  desired.  On  it  set  off  the  proper  length  from  2  to  8,  and  so 
proceed. 

When  the  plat  is  completed,  the  engraved  sheet  is  laid  on  a 
clean  one,  and  the  stations  ^^  pricked  through,"  and  the  pomts  thus 
obtained  on  the  clean  sheet  are  connected  by  straight  lines.  The 
pencilled  plat  is  then  rubbed  off  from  the  engraved  sheet,  which  can 
be  used  for  a  great  number  of  plats. 

If  tiie  central  circle  be  cut  out,  the  plat,  if  not  too  large,  can  be 
made  directiy  on  the  paper  where  it  is  to  remain. 

The  surveyor  can  make  such  a  paper  protractor  for  himself,  with 
gBeat  ease,  by  means  of  the  Table  of  Chords  at  the  end  of  this 
rdume,  the  use  of  which  is  explained  in  Art.  (275).  The  engraved 
onee  may  have  shrunk  after  being  printed. 

Such  a  circle  is  sometimes  drawn  on  the  map  itself.  This  will 
be  particularly  convenient  if  the  bearings  of  any  lines  on  the  map, 
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not  taken  on  the  ground,  are  likely  to  be  required.    If  the  map  be 
very  long,  more  than  one  may  be  needed. 

(273)  DrawiBg-Board  Protractor.  Such  a  divided  circle,  aa 
has  just  been  described,  or  a  circular  protractor,  may  be  placed  on 
a  drawing  board  near  its  centre,  and  so  that  its  0^  and  90^  lines 
are  parallel  to  the  sides  of  the  drawing  board.  Lines  are  then  to 
be  drawn,  through  the  centre  and  opposite  divisions,  by  a  ruler 
long  enough  to  reach  the  edges  of  the  drawing  board,  on  which 
they  are  to  be  cut  in,  and  numbered.  The  drawing  board  thus 
becomes,  in  fact,  a  double  rectangular  protractor.  A  strip  of 
white  paper  may  have  previously  been  pasted  on  the  edges,  or  a 
narrow  strip  of  white  wood  inlaid.  When  this  is  to  be  used  for 
platting,  a  sheet  of  paper  is  put  on  the  board  as  usual,  and  lines 
are  drawn  by  a  ruler  laid  across  the  0°  pomts  and  the  90^  points, 
and  the  centre  of  the  circle  is  at  once  found,  and  should  be  marked 
0«    The  bearings  are  then  platted  as  in  the  last  method. 

(274)  With  a  scale  of  chords*  On  the  plane  scale  contained 
in  cases  of  mathematical  drawing  instruments  will  be  found  a  series 
of  divisions  numbered  from  0  to  90,  and  marked  CH9  or  C* 
This  is  a  scale  of  chords,  and  ^ves  the  lengths  of  the  chords  of 
any  arc  for  a  radius  equal  in  length  to  the  chord  of  60°  on  the 
scale.  To  lay  ofif  an  angle  with  this  scale,  as  for  ^'^S-  ^^' 
example,  to  draw  a  line  making  at  A  an  angle 
of  40°  with  AB,  take,  in  the  dividers,  the  dis- 
tances from  0  to  60  on  the  sdale  of  chords ;  with 
this  for  radius  and  A  for  centre,  describe  an  in- 
definite arc  CD.  Take  the  distance  from  0  to 
40  on  the  same  scale,  and  set  it  ofif  on  the  arc  as 
a  chord,  from  C  to  some  point  D.  Join  AD,  and 
prolong  it.    SAE  is  the  angle  required. 

The  Sector,  represented  on  page  36,  supplies  a  modification  of 
this  method,  sometimes  more  convenient.  On  each  of  its  legs  is 
a  scale  marked  0,  or  CH.  Open  it  at  pleasure ;  extend  tlie  com- 
pass from  60  to  60,  one  on  each  leg,  and  with  this  radius  describe 
an  arc.    Then  extend  the  compasses  from  40  to  40,  and  the  iia 
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tance  will  be  the  chord  of  40''  to  that  radius.    It  can  be  set  off  aa 
above. 

The  smallness  of  the  scale  renders  the  method  with  a  scale  of 
chords  practicallj  deficient  in  exactness ;  but  it  serves  to  illustrate 
the  next  and  best  method. 

(275)  With  a  Table  of  chords.  At  the  end  of  this  volume 
win  be  found  a  Table  of  the  lengUis  of  the  chords  of  arcs  for  every 
degree  and  minute  of  the  quadrant,  calculated  for  a  radius  equal 
tol. 

To  use  it,  take  in  the  compasses  one  inch,  one  foot,  or  any  other 
convenient  distance  (the  longer  the  better)  divided  into  tenths  and 
hundredths,  by  a  diagonal  scale,  or  otherwise.  With  this  as  radius 
describe  an  arc  as  in  the  last  case.  Find  in  the  table  of  chords 
the  length  of  the  chord  of  the  desired  angle.  Take  it  from  the 
scale  just  used,  to  the  nearest  decimal  part  which  the  scale  will 
^ve.  Set  it  off  as  a  chord,  as  in  the  last  figure,  and  join  the  point 
thus  obtamed  to  the  starting  point.    This  gives  the  angle  desired. 

The  superiority  of  this  method  to  that  which  employs  a  protrac- 
tor, is  due  to  the  greater  precision  with  which  a  straight  line  can 
be  divided  than  can  a  circle. 

A  slight  modification  of  this  method  is  to  take  in  the  compasses 
10  equal  parts  of  any  convenient  length,  inches,  half  inches,  quar- 
ter inches,  or  any  other  at  hand,  and  with  this  radius  describe  an 
arc  as  before,  and  set  off  a  chord  10  times  as  great  as  the  one 
found  in  the  Table,  i.  e.  imagine  the  decimal  point  moved  one 
place  to  the  right. 

If  jlie  radius  be  100  or  1000  equal  parts,  imagine  the  decimal 
|iumt  moved  two,  or  three,  places  to  the  right. 

Whatever  radius  may  be  taken  or  given,  the  product  of  that 
radius  into  a  chord  of  the  Table,  will  give  the  chord  for  that  radius. 

This  ^ves  an  easy  and  exact  method  of  getting  a  right  angle ; 
by  describing  an  arc  with  a  radius  of  1,  and  setting  off  a  chord 
equal  to  1.4142. 

If  the  angle  to  be  constructed  is  more  than  90^,  construct  on 
the  other  side  of  the  g^ven  point,  upon  the  g^ven  line  prolonged,  an 
angle  equal  to  what  the  given  angle  wants  of  180^ ;  i.  e.  itt 
fShi^l^imerU^  in  the  language  of  Trigonometry. 
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This  same  Table  ^ves  the  means  of  measuring  anj  angle. 
Wiih  the  angular  point  for  a  centre,  and  1,  or  10,  for  a  radius, 
describe  an  arc.  Measure  the  length  of  the  chord  of  the  arc 
between  the  legs  of  ilie  angle,  find  this  length  in  the  Table,  and 
the  angle  corresponding  to  it  is  the  one  desired.* 

(276)  Witk  a  Table  ef  natiral  sliest  In  the  absence  of  a 
Table  of  chords,  heretofore  rare,  a  table  of  natural  mnes,  which  can 
be  found  anywhere,  may  be  used  as  a  less  convenient  substitute. 
Since  the  chord  of  any  angle  equals  twice  the  sine  of  half  the 
angle,  divide  the  given  angle  by  two ;  find  in  the  table  the  natural 
sine  of  this  half  angle ;  double  it,  and  the  product  is  the  chord  of 
the  whole  angle.  This  can  then  be  used  precisely  as  was  the 
chord  in  the  preceding  article. 

An  ingenious  modification  of  this  method  has  been  much  used. 
Describe  an  arc  from  the  given  point  as  centre,  as  in  the  last  two 
articles,  but  with  a  radius  of  5  equal  parts.  Take,  from  a  Table, 
the  length  of  the  natural  sine  of  half  the  given  angle  to  a  radius  of 
10.  Set  off  this  length  as  a  chord  on  the  arc  just  described,  and 
join  the  point  thus  obtcuned  to  the  given  point.f 

(277)  By  Latitudes  and  Departures.  When  the  Latitudes 
and  Departures  of  a  survey  have  been  obtained  and  corrected,  (as 
explained  in  Chapter  Y),  either  to  test  its  accuracy,  or  to  obtain 
its  content,  they  afford  the  easiest  and  best  means  of  platting  it. 
The  description  of  this  method  will  be  given  in  Art.  (285). 

•  This  Table  will  also  serve  to  find  Ihe  natural  sine,  or  cosine,  of  any  angle 
Multiply  the  given  an^le  by  two ;  find,  in  the  Table,  the  chord  of  this  double 
angle ;  an<l  half  of  this  chord  will  be  the  natural  sine  required  For,  the  chord 
9f  any  angle  is  ecjual  to  twice  the  sine  of  half  the  angle.  To  find  the  cosine,  pro* 
oeed  as  above,  with  the  angle  which  added  to  the  given  angle  would  make  90^ 

Another  use  of  this  Table  is  to  inscribe  regular  polygons  in  a  circle  by  setting 
off  the  chords  of  the  arcs  which  their  sides  subtend. 

Still  another  use  is  to  divide  an  arc  or  angle  into  any  number  of  equal  patti 
by  setting  off  the  fractional  arc  or  angle. 

t  The  reason  of  this  is  apparent  from  the 
figure.  DE  is  the  sine  of  half  the  angle 
BAG,  to  a  radius  of  10  equal  parts,  and 
BC  is  the  chord  directed  to  be  set  off,  to  a 
radius  of  6  equal  parts.  BO  is  equal  to  DB  ; 
for  BO  »i  2.BF,  by  Trigonometry,  and  DE 
—  2.BF,  by  similar  triangles ;  hence  BO  ■■ 
DE. 


CHAPTER  V. 


LATITUDES  AND  DEPARTURES 

(278)  Definltionst  The  Latitude  of  a  point  is  ita  distaooe 
North  or  South  of  some  "  Parallel  of  Latitudej^  or  line  running 
East  or  West.  The  Lokgitudb  of  a  point  is  its  distance 
East  or  West  of  some  "-MmcKan,"  or  line  running  North  and 
South.  In  Compass-Survejing,  the  Magnetic  Meridian,  i.  e.  the 
direction  in  which  the  Magnetic  Needle  points,  is  the  line  from 
which  the  Lon^tudes  of  points  are  measured,  or  reckoned. 

The  distance  which  one  end  of  a  line  is  due  North  or  South  of 
the  other  end,  is  called  the  Difference  of  Latitude  of  the  two  ends 
sf  the  line ;  or  its  NortMng  or  SovJfhing  ;  or  simplj  its  Latitude. 

The  distance  which  one  end  of  the  line  is  due  East  or  West  of 
the  other,  is  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line ;  or  its  Easting  or  Westing  ;  or  its  Departure. 

Latitudes  and  Defpartures  are  the  most  usual  terms,  and  will  be 
generally  used  hereafter,  for  the  sake  of  brevity. 

This  subject  may  be  illustrated  geographically,  by  noticmg  that 
a  traveller  in  going  from  New-York  to  Bufialo  in  a  straight  line, 
would  go  about  160  miles  due  north,  and  250  miles  due  west. 
These  distances  would  be  the  differences  of  Latitude  and  of  Lon^ 
tode  between  the  two  places,  or  his  Northing  and  Westmg.  Be* 
tarning  from  Bu&lo  to  New-York,  the  same  distances  would  be 
his  Southing  and  Easting.* 

In  mathematical  language,  the  operation  of  finding  the  Latitude 
and  Longitude  of  a  line  from  its  Bearing  and  Length,  would  be 
called  the  transformation  of  Polar  Co-ordinates  into  Rectangular 
Co-ordinates.  It  consists  in  determining,  by  our  Second  Principle^ 
the  positidn  of  a  point  which  had  ori^nally  been  determined  by 
flie  Third  Principle,    Thus,  in  the  figure,  (which  is  the  same  aa 

*  Itihonld  be  remembeie^  that  the  following  diflcussioni  of  the  Latitudes  and 
tjODptudet  of  the  poinu  of  a  lorvey  will  not  always  be  fully  applicable  to  those 
of  distant  places,  such  as  the  cities  just  named,  in  consequence  of  the  surface  t4 
tbe  earth  sol  being  a  plane. 
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Uiat  of  Art.(9)), ihe  point  S  is  determin- 
ed by  the  angle  SAO  and  by  the  dis- 
tance AS.  It  is  also  determined  by  the 
distances  AC  and  GS,  measured  at  right 
angles  to  each  other ;  and  then,  supposing 
CS  to  run  due  North  and  South,  CS  will  be  the  Latitude^  and  AC 
tiie  Depcartvre  of  the  line  AS. 


W A^  f 
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(279)  Calculation  of  Latitvles  and  Departves.      Let  AB 

be  a  glyen  line,  of  which  the  length 
AB,  and  the  bearing  (or  angle,  BAC, 
which  it  makes  with  the  Magnetic 
Meridian),  are  known.  .  It  is  required 
to  find  the  differences  of  Latitude  and 
of  Lon^tude  between  its  two  extremis 
ties  A  and  B :  that  is,  to  find  AC  and 
CB ;  or,  what  is  the  same  thing,  BD 
and  DA. 

It  will  be  at  once  seen  that  AB  is 
the  hypothenuse  of  a  right-angled  tri- 
angle, in  which  the  '^  Latitude"  and  the  ^'  Departure  "  are  the  sides 
about  the  right  angle.  We  therefore  know,  bom  the  principles  of 
trigonometry,  that 

AC  =  AB^.BAC, 
BC  =  AB  ^sm.  BAC. 

Hence,  to  find  the  Latitude  of  any  course,  multiply  the  natural 
cosine  of  the  bearing  by  the  length  of  the  course ;  and  to  find  the 
Departure  of  any  course,  multiply  the  natural  sine  of  the  bearing 
by  the  length  of  the  course. 

If  the  course  be  Northerly,  the  Latitude  will  be  North,  and 
will  be  marked  with  the  algebraic  sign  +,j7Zu«,  or  additive;  if 
it  be  Southerly,  the  Latitude  will  be  South,  and  will  be  marked 
with  the  algebraic  sign  — ,  minu%j  or  subtractire. 

If  the  course  be  Easterly,  the  Departure  will  be  East,  and 
marked  4  ,  or  additive ;  if  the  course  be  Westerly,  the  Departure 
will  be  West,  and  marked  — ,  or  subtractive. 
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(280)  Formulas*     The  rules  of  the  preceding  article  may  be 
•zpressed  thus; 

Latitude  s  Distance  x  cos.  Bearing, 
Departure  =  Distance  X  sin.  Bearing.* 
From  these  formulas  may  be  obtained  others,  by  which,  when 
any  two  of  tiie  above  four  things  are  given,  the  remaining  two  can 
be  found. 

When  the  Bearing  and  Latitude  are  given; 

Distance  = 5 — ?—  =  Latitude  x  sec.  Bearins:, 

COS.  Beariug  O' 

Departure  =  Latitude  x  tang.  Bearing. 

When  the  Bearing  and  Departure  are  given  ; 
Distance  =     epa  ure  _  Departure  X  cosec.  Bearing. 

8in.  Beariug  *  o^ 

Latitude  =  Departure  x  cotang.  Bearing. 

When  the  Distance  and  Latitude  are  given; 

/^        -n       •  Latitude 

Cos.  Bearmg  =  ^j^j^, 

Departure  =  Latitude  x  tang.  Bearing. 
When  the  Distance  and  Departure  aire  given  ; 

S,V    Dao^^/v        Departure 

Sm.  Bearmg  =  '^^;^^, 

Latitude  =  Departure  X  cotang.  Bearing. 
When  the  Latitude  and  Departure  are  given  ; 

Tang,  of  Bearing  =  ^?jj5^. 

Distance  =  Latitude  X  sec.  Bearing. 
StiU  more  simply,  any  two  of  these  three — Distance,  Latitude 
and  Departure — being  given,  we  have 

Distance  =  \/ (Latitude^  +  Departure') 
Latitudes  ^(Distance' — Departure') 
Departure  =  -/(Distance'  — Latitude') 

(281)  Traverse  Tables.  The  Latitude  and  Departure  of  any 
distance,  for  any  bearing,  could  be  found  by  the  method  given  in 
Art.  (279),  witii  the  aid  of  a  table  of  Natural  Sines.    But  to 

*  Whenever  sines,  cosines,  tangents,  &c.)  are  here  named,  they  mean  the  nata 
tal  sinea  &c.,  of  an  arc  described  with  a  radius  equal  to  one,  or  to  tie  unit  bj 
wtiirii  the  sines,  dec,  are  measured. 
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fiu^ilitate  these  calculations^  which  are  of  so  frequent  occurrence 
and  of  so  great  use.  Traverse  Tables  have  been  prepared,  origin* 
ally  for  navigators,  (whence  the  name  Traverse'),  and  subsequently 
for  surveyors.* 
A  The  Traverse  Tabie  at  the  end  of  this  volume  gives  the  Latitude 
and  Departure  for  any  bearing,  to  each  quarter  of  a  degree,  and 
for  distances  from  1  to  9. 

To  use  itj  find  in  it  the  number  of  degrees  in  the  bearing,  on 
the  left  hand  side  of  the  page,  if  it  be  less  than  45^,  or  on  the  ri^t 
hand  side  if  it  be  more.  The  numbers  on  the  same  line  running 
across  the  page,t  are  the  Latitudes  and  Departures  for  that  bear- 
ing, and  for  the  respective  distances — 1,  2,  3,  4,  5,  6,  7,  8,  9, — 
which  are  at  the  top  and  bottom  of  the  page,  and  which  may 
represent  chains,  links,  rods,  feet,  or  any  other  unit.  Thus,  if  the 
bearing  be  15^,  and  the  distance  1,  the  Latitude  would  be  0.966 
and  tiie  Departure  0.259.  For  tiie  same  bearing,  but  a  distance 
of  8,  the  Latitude  would  be  7.727,  and  the  Departure  2.071. 

Any  distance,  however  great,  can  have  its  Latitude  and  Depar- 
ture readily  obtained  from  this  table ;  since,  for  the  same  bearing, 
they  are  directly  proportional  to  the  distance,  bec^ruse  of  the  simi- 
lar triangles  which  they  form.  Therefore,  to  find  the  Latitude  or 
Departure  for  60,  multiply  that  for  6  by  10,  which  merely  moves 
the  decimal  point  one  place  to  the  right ;  for  500,  multiply  the 
numbers  found  in  the  Table  for  5,  by  100,  i.  e.  move  the  decimal 
point  two  places  to  the  right,  and  so  on.  Merely  moving  the  deci- 
mal point  to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  this  Table  to  give  the  Latitude  and  Departure  for  any  deci- 
mal multiple  of  the  numbers  in  the  Table. 

For  compound  numbers,  such  as  873,  it  is  only  necessary  to 
find  separately  the  Latitudes  and  Departures  of  800,  of  70,  and  of 
8,  and  add  them  together.  But  this  may  be  done,  with  scarcely 
any  risk  of  error,  by  the  following  simple  rule. 

*  The  first  Traverse  Table  for  Surveyors  seems  to  have  been  published  in  1/91. 
by  John  Gale.  The  most  extensive  table  is  that  of  Oapt.  Boilean,  of  the  British 
army,  being  calculated  for  every  minute  of  bearing,  and  to  five  decimal  places 
for  distances  from  1  to  10.  The  Table  in  this  volume  was  calculated  for  it»  and 
then  compared  with  the  one  just  mentioned. 

t  In  using  this  or  any  similar  Tab]«,  lay  a  ruler  across  the  page,  just  above  oi 
bdow  the  hue  to  be  followed  ont    Tnis  is  a  very  valuable  mechanica.  assistance 
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Write  down  the  Latitude  and  Departure  for  the  first  figure  of 
the  ^7en  number,  as  found  in  the  Table,  neglecting  the  decimal 
point ;  Tfrite  under  them  the  Latitude  and  Departure  of  the  second 
figure,  setting  them  one  place  farther  to  the  right ;  under  them 
write  the  Latitude  and  Departure  of  the  third  figure,  setting  them 
one  place  farther  to  the  right,  and  so  proceed  with  all  the  figures 
of  the  given  nmnber.  Add  up  tiiese  Latitudes  and  Departures, 
and  cut  off  the  three  right  hand  figures.  The  remaining  figures 
will  be  the  Latitude  and  Departure  of  the  ^ven  niunber  in  links, 
or  chains,  or  feet,  or  whatever  unit  it  was  given  in. 

For  example ;  let  the  Latitude  and  Departure  of  a  course  hav 

ing  a  distance  of  878  links,  and  a  bearing  of  20^,  be  required.    In 

the  Table  find  20^,  and  then  take  out  the  Latitude  and  Departure 

for  8,  7  and  8,  in  turn,  placing  them  as  above  directed,  thus : 

IHstaneea.  Latitudea.  Departures. 

800  7618  2736 

.    70  6578  2394 

8  2819  1026 

878  820.899  298.566 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals, 

we  find  the  desired  Latitude  and  Departure  to  be  820  and  299.* 
When  a  0  occurs  in  the  given  number,  the  next  figiure  must  be 

sot  two  places  to  the  right,  the  reason  of  which  will  appear  firom 

the  following  example,  in  which  the  0  is  treated  like  any  other 

number. 

Given  a  bearing  of  85^,  and  a  distance  of  8048  links. 

Distances.  Latitudes.  Departwres, 
8000  2457  1721 
000  0000  0000 
40  8277  2294 
8  6558  4589 

8048  2496.823  1748.529 

Here  the  Latitudes  and  Departures  are  2496  and  1749  links. 

*  it  is  frequently  donbtfal,  in  many  calculations,  when  the  final  decimal  is  5, 
whether  to  increase  the  preceding  figure  by  one  or  not  Thus,  43.5  may  be  called 
43  or  44  wi^  eqnal  correctness,  ft  is  better  in  sach  cases  not  to  increase  the 
^rhole  nnmber,  so  as  to  escape  the  trouble  of  changing  the  original  figure,  and 
tihe  increased  chance  of  error.  If,  however,  more  than  one  such  a  case  occurs  io 
the  same  column  to  be  added  up,  the  larger  and  smaller  number  should  be  taken 
mltemately. 
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When  the  bearing  is  over  45^,  the  names  of  the  columns  must 
be  read  from  the  bottom  of  the  page,  the  Latitude  of  any  bearing, 
as  50^,  being  the  Departure  of  tiie  complement  of  this  bearing,  or 
40^9  and  the  Departure  of  40^  being  the  Latitude  of  50°,  &c.  The 
reason  of  this  will  be  at  once  seen  on  inspecting  the  last  figure,  (page 
170),  and  imagbing  the  East  and  West  line  to  become  a  Meri- 
dian. For,  if  AO  be  the  magnetic  meridian,  as  before,  and  there- 
fore BAC  be  the  bearing  of  the  course  AB,  then  is  AG  the  Lati- 
tude, and'  CB  the  Departure  of  that  course.  But  if  AE  be  the 
meridian  and  BAD  (the  complement  of  BAC)  be  the  bearing, 
then  is  AD  (which  is  equal  to  GB)  the  Latitude,  and  DB,  (which 
is  equal  to  AG),  the  Departure. 

As  an  example  of  this,  let  the  bearing  be  63|^,  and  the  distance 

8469  links.    Proceeding  as  before,  we  have 

Distances,  Latitudes.  Departures. 
3000                       1350  2679 

400  1800  8572 

60  2701  5358 

9  4051  8037 


3469.  1561.061  3097.817 

The  required  Latitude  and  Departure  are  1561  and  3098  links. 

Li  the  few  cases  occurring  in  Gompass-Survejing,  in  which  the 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree 
^ven  in  the  Table,  its  Latitude  and  Departure  may  be  found  by 
mterpolation.  Thus,  if  the  bearing  be  10|^,  take  the  half  sum  of 
the  Latitudes  and  Departures  for  lOJ"*  and  10^°.  K  it  be  10**  20', 
add  one-third  of  the  difference  between  the  Lats.  and  Deps.  for 
10^  and  for  10^°,  to  those  opposite  to  10^° ;  and  so  in  any  similar 
case. 

The  uses  of  this  table  are  very  varied.     The  prmcipal  applica- 
tions of  it,  which  will  now  be  expliuned,  are  to  Testing  the  aecu 
racy  of  surveys ;  to  Supplying  omissions  in  tJiem ;  to  Platting 
them^  and  to  Calculating  their  content.* 

*  The  Traverse  Table  admits  of  many  other  minor  uses.    Thns,  it  may  be  used 

"  th« 
ad* 
Anj 
two  of  these 
tfcorefore  lenFO 


epartare  the  side  opposite,  and  the  Distance  the  bypothenose.  hnf 
I  Deinff  given,  the  oUiers  are  given  by  the  Table.  The  Table  will 
re  to  snow  the  allowaoce  tu  be  made  in  chaining  on  siopei  (see  Azt 
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(282)  ApplicattoB  to  Testini:  a  Surey.  It  is  self-evident, 
that  when  the  surveyor  has  gone  completely  arounl  a  field  or 
bxtOj  taking  the  bearings  and  distances  of  each  boundary  line,  till 
he  has  got  back  to  the  starting  point,  that  he  has  gone  precisely 
as  fiir  South  as  North,  and  as  fsx  West  as  East.  But  the  sum  of 
the  North  Latitudes  tells  how  far  North  he  has  gone,  and  the  sum 
of  the  South  Latitudes  how  far  South  he  has  gone.  Hence  these 
two  sums  will  be  equal  to  each  other,  if  the  survey  has  been  cor- 
rectly made.  Li  like  manner,  the  sums  of  the  East  and  of  ilie 
West  Departures  must  also  be  equal  to  each  other. 

We  will  apply  this  principle  to  testing  the  accuracy  of  the  sur- 
vey of  which  Fig.  175,  page  151,  is  a  plat.  Prepare  seven 
columns,  and  head  them  as  below.  Find  the  Latitude  and  Depar- 
ture of  each  course  to  the  nearest  link,  and  write  them  in  their 
appropriate  columns.  Add  up  these  columns.  Then  will  the 
difference  between  the  sums  of  the  North  and  South  Latitudes, 
and  between  the  sums  of  the  East  and  West  Departures,  indicate 
the  degree  of  accuracy  of  the  survey. 


STATION. 

BRARTNQ. 

DISTANCE. 

LATITTOB. 

DKPARTUBE. 

N. 

S. 

E. 

W. 

1 

2 
8 
4 
6 

N.  86»  B. 

N.  88i»  E. 
S.  67°  E. 
S.  84i»  W. 
N.66J''W. 

2.70 

1.29 
2.22 
8.66 
8.28 

2.21 
.16 

1.78 

1.21 
2.98 

1.55 

1.28 
1.86 

2.00 
2.69 

4.14 

4.14 

4.69 

4.69 

The  entire  work  of  the  above  example  is  ^ven  below. 


850 


1638 
57840 


270.       22L140 


1147 
40150 

154.850 


34j' 


2480 
4183 
4188 


855.   298.463 


1688 
2814 
2814 

199.754 


(M))  5  i^r,  look  in  the  eolamn  of  bearinn  for  the  slope  of  the  ground,  i.  •.  the 
•agle  it  makes  witn  the  horizon,  find  the  given  distance,  and  the  Latitude  9orre> 
■pondiDg  will  be  the  denrad  horizontal  measurement,  and  the  difference  betwaea 
il  and  the  IHranoe  will  be  the  allowance  to  be  made 
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88^        113                 994            5610      1656  2502 

226               1987                       ,  1104  1668 

1019               8942                          1656  2502 


129.         14.579  128.212         828.      178.296         269.882 

570  1089  1677  mu  ^  r  1,  •    .n, 

1089  1677  -"^^  nearest  link  is  taken 

1089  1677        ^  ^  inserted  in  the  Table, 

and  the  remaining  Decimals 


222.         120.879     •     186.147        are  neglected. 

In  the  preceding  example  the  respective  sums  were  foimd  to  be 
exactly  equal.  This,  however,  will  rarely  occur  in  an  extensive 
survey.  If  the  difference  be  great,  it  indicates  some  mistake,  and 
the  survey  must  be  repeated  with  greater  care ;  but  if  the  differ* 
ence  be  small  it  indicates,  not  absolute  errors,  but  only  inaccura- 
cies, unavoidable  in  surveys  with  the  compass,  and  the  survey  may 
be  accepted. 

How  great  a  difference  in  the  sums  of  the  columns  may  be 
allowed,  as  not  necessitating  a  new  survey,  is  a  dubious  point. 
Some  surveyors  would  admit  a  difference  of  1  link  for  every  3 
chains  in  the  sum  of  the  courses :  others  only  1  link  for  every  10 
chains.  One  Writer  puts  the  limit  at  6  links  for  each  station ; 
another  at  25  links  in  a  survey  of  100  acres.  But  every  practical 
surveyor  soon  learns  how  near  to  an  equality  his  instrument  and 
his  skill  will  enable  him  to  come  in  ordinary  cases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  judge  whether 
the  difference,  in  any  survey  of  his  own,  is  probably  the  result  of 
an  error,  or  only  of  his  customary  degree  of  inaccuracy,  two  things 
to  be  very  carefully  distinguished.* 

(283)  Applieation  to  supplying  omissions.  Any  two  omis 
sions  in  the  Field-notes  can  be  supplied  by  a  proper  use  of  the 
method  of  Latitudes  and  Departures ;  as  will  be  explained  in  Part 
Vn,  which  treats  of  "  Obstacles  to  Measurement,"  under  which 
head  this  subject  most  appropriately  belongs.  But  a  knowledge 
of  the  fact  that  any  two  omissions  can  be  supplied,  should  not  lead 

*  A  French  writer  fixes  the  allowable  difference  in  chaining  at  1-400  of  lerel 
linei    1-200  of  iioes  on  moderate  alopes  ;  1-100  of  lines  on  steep  slopes. 
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ttie  youDg  8ur7ejor  to  be  negligent  in  making  every  possible  mea- 
surement, since  an  onussion  renders  it  necessary  to  assume  all  the 
notes  taken  to  be  correct,  the  means  of  testing  them  no  longer 
existing. 


(284)  BalanclBf  a  Suryey.  The  subsequent  applications  ol 
tills  method  require  the  survey  to  be  previously  Balanced.  This 
operation  consists  in  correcting  the  Latitudes  and  Departures  of 
the  courses,  so  that  their  sums  ehaU  be  equal,  and  thus  <'  bahmce." 
This  is  usually  done  by  distributing  the  differences  of  the  sums 
among  the  courses  ia  proportion  to  their  length ;  saying.  As  the 
sum  of  the  lengths  of  all  the  courses  i8  to  the  whole  difference  of 
the  Latitudes,  So  is  the  length  of  each  course  To  the  correction 
of  its  Latitude.     A  similar  proportion  corrects  the  Departures.* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  be  made,  with  sulBScient  accuracy,  by  noting 
how  much  per  chain  it  should  be,  and  correcting  accordingly. 

Li  the  example  given  below,  the  differences  have  purposely  been 
made  considerable.  The  corrected  Latitudes  and  Departures  have 
been  here  inserted  in  four  additional  columns,  but  in  practice  they 
should  be  written  in  red  ink  over  the  original  Latitudes  and 
Departures,  and  the  latter  crossed  out  with  red  ink. 


MA. 
1 

s 

4 

BBAUHA 

DIST. 

LATITCDES. 

dep'turu. 

1 

OOSRBOnCO 

LAirruDis. 

OOftBIOnD 
DEPABTUBI8. 

N.+ 

&—    E.+ 

W.— 

N.+ 

S.— 

E.+ 

W.— 

N.  62'  E. 

a2»rE. 
asu^w. 

N.  61^  W. 

10.68 
4.10 
7.69 
7.18 

8.46 

8.66 
6.64 

8.88 
2.08 

406 
6.24 

6.68 

• 

8.48 

8.66 
6.61 

8.84 
2.01 

4.08 
6.27 

29.66 

10.00 

10.10 

ia4i 

10.29 

10.06 

10.06 

10.86 

10.86 

The  corrections  are  made  by  the  following  proportions ;  the 


nearest  whole  numbers  being  taken : 


F»r  M«  ZatitudM. 

For  the  Departurm, 

29.55  :  10.63  : :  10  :  4 

29.55  :  10.63  : :  12  :  4 

39.55  :    4,10  ::  10  :  1' 

29.56  :    4.10  ::  12  :  2 

29.55  :    7.69  : :  10  :  3 

29.55  :    7.69  ::  12  :  8 

29.65  :    7.13  ::  10  :  2 

29.65  :    7.13  ::  12  :  8 

10 

13 

*  A  demonstration  of  thia  principle  was  giren  hj  Dr.  Bowditcl^  in  Na  4  o# 
Tbs  Anal/st"*  ^2 


l 


178 


COMPASS  SURTETMfi. 


[part  III 


This  rale  is  not  always  to  be  strictly  followed.  If  one  line  of  a 
Borvey  has  been  measured  over  very  uneven  and  rough  ground,  or 
if  its  bearing  has  been  taken  with  an  indistinct  sigjht,  while  Hie 
other  lines  have  been  measured  over  level  and  clear  ground,  it  is 
probable  that  most  of  the  error  has  occurred  on  that  line,  and  the 
correction  should  be  chiefly  made  on  its  Latitude  and  Departure. 

If  a  slight  change  of  the  bearing  of  a  long  course  will  favor  the 
Balancing,  it  should  be  so  changed,  since  the  compass  is  much 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtful  line  will  favor  the  Balancing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long. 

(285)  Application  to  PlattiBg.  Rule  three  columns ;  one  for 
Stations ;  the  next  for  total  Latitudes ;  and  the  third  for  total  De< 
.partui:es.  1111  the  last  two  columns  by  beginning  at  any  conven- 
ient station  (the  extreme  East  or  West  is  best)  and  adding  up 
(algebraically)  the  Latitudes  of  the  following  stations,  noticing 
that  the  South  Latitudes  are  subtractive.  Do  the  same  for  the 
Departures,  observing  that  the  Westerly  ones  are  also  subtractive. 

Taking  the  example  given  on  page  175,  Art.  (282),  and  beg^^- 
Ding  with  Station  1,  the  following  will  be  the  results : 


■  <■■  A 

TOTAL  LATITUDES 

TOTAL  DEPARTURES 

BTA* 

1 

FROM  STATION  1. 

PROM  STATION   1. 

0.00 

0.00 

2 

+2.21  N. 

+1.55  E. 

3 

+2.86  N. 

+2.88  K 

4 

+  1.16  N. 

+4.69  E. 

5 

—1.78  S. 

+2.69  E. 

1 

0.00 

0.00 

It  win  be  seen  that  the  work  proves  itself,  by  the  total 
Latitudes  and  Departures  for  Station  1,  again  coming  out  equal 
k>  zero. 

To  use  this  table,  draw  a  meridian  through  the  point  taken  for 
Station  1,  as  in  the  figure  on  the  following  page.  Set  off,  upward 
from  this,  along  the  meridian,  the  Latitude,  221  links,  to  A,  and 
from  A,  to  the  right  perpendicularly,  set  off  the  Departure,  155 
hnks.*    This  gives  the  point  2.     Join  1....2.     From  1  again,  set 

*Tlu8  is  most  easily  done  with  the  aid  of  a  ri^ht-angled  triangle  sliding  one 
of  the  sides  adjacent  to  the  right  angle  along  the  blade  of  the  s<]uare.  to  wiiicfa 
Itie  other  side  will  then  be  perpendicular. 


CHAP.  T.] 


Latttndes  and  Oepartwes* 


I7d 


off,    upward,     286  Fig.  192. 

links,  to  B,  and  from 
B,  to  the  li^t,  per- 
pendicrdarly,  set  off 
283  links,  which  will 
fix  the  point  8.  Join 
2«.*.8;  and  so  pro-  c 
eeed,  setting  off 
North  Li^tades 
along  the  Meridian  x 
upwards,  and  South 
Latitudes  along  it 
downwards ;  East 
Departures  perpen- 
dicularly to  the  right,  ^j 
and  West  Depar- 
tures perpendicularly  to  the  left. 

The  adyantages  of  this  method  are  its  rapidity,  ease  and  accu- 
racy ;  the  impossibility  of  any  error  in  platting  any  one  course 
aftcting  the  following  points ;  and  the  certainly  of  the  plat  ^^  com* 
ing  together,"  if  the  Latitudes  and  Departures  h^ve  been  ^<  Bal- 
aooed/' 


CHAPTER  VL 


CALCULATING  THE  CORTEirT. 

(186)  SlethiNls.  When  a  field  has  been  platted,  by  what 
ever  meiiiod  it  may  have  been  survejed,  its  content  can  be  obtained 
from  its  plat  by  dividing  it  up  into  triangles,  and  measoring  on 
the  plat  their  bases  and  perpendiculars ;  or  by  any  of  the  other 
means  explained  in  Part  I,  Chapter  lY. 

Bat  these  are  only  approximate  methods ;  their  degree  of  accuracy 
depending  on  the  largeness  of  scale  of  the  plat,  and  the  skill  of  the 
draftsman.  The  invaluable  method  of  Latitudes  and  Departures 
^ves  another  means,  perfectly  accurate,  and  not  requiring  the 
previous  preparation  of  a  plat.  It  is  sometimes  called  the  Bectao- 
gular,  or  the  Pennsylvania,  or  Rittenhouse's,  method  of  calculation  * 

(287)  DeflniUoftS*  Imagine  a  Meridian  line  to  pass  throu^ 
the  extreme  East  or  West  comer  of  a  field.  According  to  tiie 
deftodtions  established  in  Chapter  Y,  Art.  (278),  (and  here  reca- 
pitulated for  convenience  of  reference),  the  perpendicular  distance 
of  each  Station  from  that  Meridian,  is  the  Longitude  of  that  Sta- 
tion ;  additive,  or  pltM^  if  East ;  subtractive,  or  minvL»^  if  West. 
The  distance  of  the  middle  of  any  line,  such  as  a  side  of  the 
field,  from  the  Meridian,  is  called  the  Longitude  of  that  side.*! 
The  difference  of  the  Longitudes  of  the  two  ends  of  a  line  is  called 
the  Departuwre  of  that  line.  The  difference  of  the  Latitudes  of  the 
two  ends  of  a  line  is  called  the  Latitude  of  the  line. 

*  It  is,  however,  subBtantially  the  sBine  as  Mr.  Thomas  Burgh*B  **Method  to 
determine  the  areas  of  right  lined  figures  universally,*'  published  nearly  a  century 
ago. 


rowed  from  Navigation,  seems  to  put  beyond  all  question  the  propriety  of  the 
omovation  here  introduced. 
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(288)  Longitnto.  To  pre  more  definiteness  to  the  develop 
ment  <^  this  subject)  the  figure  in  the  mar^  will  be  referred  tO| 
and  may  be  considered  to  represent  an;  space  enclosed  bj  straight 
kines. 

Let  NS  be  the  Meridian  passmg  through  the  extreme  Westerly 


Fig.  193. 


Station  of  the  field  ABODE.  From 
the  middle  and  ends  of  each  mde 
draw  perpendiculars  to  the  Meridi- 
an, lliese  perpendiculars  will  be 
the  Zongitude9  and  Departures  of 
the  respective  sides.  The  Lon^ 
tude,  FG,  of  the  first  course,  AB, 
:s  evidently  equal  to  half  its  Depar- 
ture HE.  The  Longitude,  JK,  of 
the  second  course,  BC,  is  equal  to 
JL  -h  LM  +  MK,  or  equal  to  the 
Ixmgitude  of  the  preceding  course, 
plus  half  its  Departure,  ]^us  half 
the  Departure  of  the  course  itself. 
The  Longitude,  TZ,  of  some  other 
course,  as  £A,  takbQ  anywhere^  is 
equal  to  WX  —  VX  ^  UV,  or  equal  to  the  Lon^tude  of  the  pro» 
ceding  course,  minus  half  its  Departure,  minus  half  the  Departure 
of  Ac  courst  itself,  i.  e.  equal  to  the  Algebraic  sum  of  these  three 
parts,  remembering  that  Westerly  Departures  are  negative,  and 
therefore  to  be  subtracted  when  the  directions  are  to  make  an 
Algebraic  addition. 

To  avoid  fractions,  it  will  be  better  to  double  each  of  the  preced- 
ing expressions.    We  shall  then  have  a 

GENERAL  RULE  FOR  FINDING  DOUBLE  LONGITUDES. 

The  IhubU  Longitude  of  the  fibst  ooubsb  is  equal  to  its  Do' 
parture. 

The  Dotdfle  Longitude  of  the  second  coursb  is  equal  to  the 
Dovble  Longitude  of  the  first  course^  phis  the  Dq>ctrture  of  thai 
eourse^plus  the  Departure  of  the  second  course. 

The  Double  Longitude  of  the  thibd  ooubsb  is  equal  to  the 
Double  Longitude  of  the  second  course^  plus  the  Dq>arture  of  thai 
foursej  plus  the  Departure  of  the  course  itse{f. 
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The  JDouhh  LonffUude  of  ant  course  is  equal  to  the  Double 
Longitude  of  the  preceding  course^  plus  the  I>q>arture  of  that 
course^  plus  the  Departure  of  the  couree  itself* 

The  Double  Lon^tude  of  the  last  course  (as  well  as  of  the  first) 
is  equal  to  its  Departure.  Its  ^^  coining  out"  so,  when  obtained 
by  the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  the 
preceding  Double  Longitudes. 

(289)  Areas*  We  will  now  proceed  to  find  the  Area,  or  Con* 
tent  of  a  field,  bj  means  of  the  ^^  Double  Longitudes"  of  its  sides, 
which  can  be  readilj  obtained  by  the  preceding  rule,  whatever  their 
number. 


(290)  Beginning  with  a  ihree-sided  fieldj  ABC  in  the  figure,  draw 
a  Meridian  through  A,  and  draw  perpendi-  ^'^- 1®* 

culars  to  it  as  in  the  last  figure.  It  is 
plain  that  its  content  is  equal  to  the  differ- 
ence of  the  areas  of  the  Trapezoid  DBGE, 
and  of  the  Triangles  ABD  and  AGE. 

The  area  of  the  Triangle  ABD  is  equal   ^^ 
to  the  product  of  AD  by  half  of  DB,  or  to 
the  product  of  AD  by  FG ;  i.  e.  equal  to 
the  product  of  the  Latitude  of  the  1st  course 
by  its  Longitude. 

The  area  of  the  Trapezoid  DBGE  is  equal 
to  the  product  of  DE  by  half  the  sum  of  DB 
and  CE,  or  by  HJ ;  i.  e.  to  the  product  of 
the  Latitude  of  the  2d  course  by  its  Longitude. 

The  area  of  the  Triangle  ACE  is  equal  to  the  product  of  AE  by 
half  EC,  or  by  EL ;  i.  e.  to  the  product  of  the  Latitude  of  the  8d 
course  by  its  Longitude. 

Galling  the  products  in  which  the  Latitude  was  North,  North 
Products,  and  the  products  in  which  the  Latitude  was  South, 
Souith  Products,  we  shall  find  the  area  of  the  Trapezoid  to  be  a 
South  Product,  and  the  areas  of  the  Triangles  to  be  North  Pro* 

'  The  last  coarse  is  a  '*  preceding  course"  to  the  firat  course,  as  will  appear  uv 
rcraembering  that  these  two  courses  join  «ach  other  on  the  ground 
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(hiets.  The  DiffereTiee  of  the  North  PioducU  and  the  South 
Products  is  therefore  the  desired  area  of  the  three-sided  field  ABC. 
Using  the  Double  Longitudes,  (in  order  to  avoid  fractions),  in 
each  of  the  preceding  products,  their  difTerence  will  be  the  double 
area  of  the  Triangle  ABC. 


(291)  Taking  now  a  four-sided  field,  ABGD  in  the  figure,  and 
drawing  a  Meridian  and  Longitudes  sfl  b^  Fig.  lis. 

fore,  it  is  seen,  on  inspection,  that  its  area 
would  be  obtained  bj  taking  the  two  Trian- 
gles, ABE,  ADG,  from  the  figure  EBCDGE, 
or  from  the  sum  of  the  two  Trapezoids  EBGF 
and  FCDG. 

The  area  of  the  Triangle  AEB  will  be 
found,  as  in  the  last  article,  to  be  equal  to 
the  product  of  the  Latitude  of  the  1st  course 
by  its  Lon^tude.  The  Product  will  be 
North; 

The  area  of  the  Trapezoid  EBGF  will  be 

found  to  equal  the  Latitude  of  the  2d  course 

bj  its  Longitude.     The  product  will  be 

S(mth. 
The  area  of  the  Trapezoid  FGDO  will  be  found  to  equal  the 

product  of  the  Latitude  of  the  3d  course  by  its  Longitude.     The 

product  will  be  SotUh. 

The  area  of  the  Triangle  ADQ  will  be  found  to  equal  the  pro- 
duct of  the  Latitude  of  the  4th  course  bj  its  Longitude.  The  pro- 
duct will  be  North. 

The  difference  of  the  North  and  South  products  vnll  ther^ 
fore  be  the  desired  area  of  the  four-sided  field  ABGD. 

IJsmg  the  Dovble  Longitude  as  before,  in  each  of  the  preceding 
products,  their  difference  will  be  double  the  area  of  the  field. 


(292)  Whatever  the  number  or  directions  of  the  sides  of  a  field, 
«r  of  any  space  enclosed  by  strtdght  lines,  its  area  will  always  be 
equal  to  half  of  the  difference  of  the  North  and  South  Products 
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arising  from  multiplying  together  the  Latitude  and  Double  Longi* 
tude  of  each  course  or  side. 
We  have  therefore  the  following 

GENERAL  RULE  FOR  FINDING  AREAS, 

1.  Prepare  ten  colwnmSj  headed  as  in  the  example  below,  cmd 
m  the  first  three  write  the  StationSy  Bearings  and  Distances. 

2.  Find  the  Latitudes  and  Departures  of  each  course,  by  the 
Traverse  Table,  as  directed  in  Art.  (281),  placing  them  in  the 
fovr  following  columns. 

8.  Balance  them,  as  in  Art.  (iSi),  correcting  them  in  red  ink. 

4.  Find  the  Double  Longitudes,  as  in  Art.  (t^'),  wUh  rrfer* 
ence  to  a  Meridian  passing  through  the  extreme  East  or  West 
Station,  and  place  them  in  the  eighth  column. 

5.  Multiply  the  Double  Longitude  of  each  course  by  the  cor* 
rected  Latitude  of  that  course,  placing  the  North  Products  in  the 
ninth  column,  and  the  South  Products  m  the  tenth  column. 

6.  Add  up  the  last  two  columns,  subtract  the  smaller  sum  from 
the  larger,  and  divide  the  difference  by  two.  The  quotient  will 
be  the  content  desired. 

(293)  To  find  the  most  Easterly  or  Westerly  Station  of  a  sur- 
yey,  without  a  plat,  it  is  best  to  make  a  rough  hand-sketch  of  the 
survey,  drawing  ttie  lines  in  an  approximation  to  their  true  direc- 
tions, by  drawing  a  North  ani  South,  and  East  and  West  lines, 
and  considering  the  Bearings  as  fractional  parts  of  a  right  angle, 
or  90°  ;  a  course  N.  45°  E.  for  example,  being  drawn  about  half 
«ray  between  a  North  and  an  East  direction ;  a  course  N.  28°  W. 
being  not  quite  one-third  of  the  way  around  from  North  to  West ; 
and  so  on,  drawing  them  of  approximately  true  proportional  leogthB. 

^4)  EoMmple  1,  ^ven  below,  refers  to  tiie  five-sided  field,  of 
whidn  a  plat  is  given  in  Hg.  175,  page  151,  and  the  Latitudes  and 
Departures  of  which  were  calculated  in  Art.  (282),  page  175. 
Station  1  is  the  most  Westerly  Station,  and  the  Meridian  will  be 
supposed  to  pass  through  it.    The  Double  Longitudes  are  best 
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finmd  by  a  continual  addition  and  sabtraation, 
as  in  tiie  mar^,  where  they  are  marked  D.  L. 
The  Double  Longitude  of  tiie  last  coarse  comea 
oat  eqaal  to  its  Departore,  thus  proving  the 
work. 

The  Doable  Longitades  being  tlius  obt^ed, 
an  multiplied  by  the  corresponding  LatitndeB, 
and  the  content  of  the  field  obtiuned  as  directed 
in  the  General  Rule. 

This  example  may  eerre  as  a  pattern  for  the 
most  compact  manner  of  arran^g  Uie  work. 


.,„„. 

„.„.... 

DU- 

LITITUDI*. 

DlfTURCS 

JslZ'.,. 

□OUBLC  IHIAl. 

N.+ 

a.— 

B.+ 

W.— 

N.+ 

a.— 

3 
3 
4 
& 

a.  3ii"  w. 

3.70 
1.29 
23S 
3.55 
3.33 

1.78 

1.21 

a.93 

1.55 
1.28 
1.86 

2.00 

+  1.52 
+  7.38 
+  5.69 

J.4255 
0.63TO 

4.7882 

s.es9s 

21.6331 

4.14 

8.8707 

J0.72-J6 

Vonteni=lA..  OR.  15P. 

s< 
(215)  The  Meridifui  might  equally  well  have 
been  supposed  ia  pass  through  the  most  Easterly 
itatioii,  4  in  the  figure.  The  Double  Longitudes 
oould  then  hare  been  calculated  as  in  the  mar- 
^.  Hey  will  of  course  be  all  West,  or  minus. 
The  products  being  then  calculated,  the  sum  of 
the  Korth  products  will  be  found  to  be  29.9625, 
and  of  the  South  products  8.1106,  and  their 
difference  to  be  21.8519,  the  sune  result  as  be- 
fore. 


(298)  A  number  of  examples,  with  and  without  answers,  will 
DOW  be  given  as  exercises  for  the  student,  who  should  plat  them 
by  some  of  the  methods  given  in  the  preceding  chapter,  using  each 
of  them  at  least  once.  He  should  then  calculate  their  content  by 
ttie  method  just  ^ven,  and  checle  it,  by  also  calculating  the  area  of 
the  plat  by  some  of  the  Geometrical  or  Instrumental  methods  gjvea 
ID  Part  I,  Chapter  IV ;  for  no  nngle  calculation  ia  ever  reliable. 
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All  the  examples  (except  the  last)  are  firom  the  author's  actual 
surveys. 

Fig.  196. 

Example  2,  ^ven  below,  is 
also  fully  worked  out,  as  anoth- 
er pattern  for  the  student,  who 
need  hare  no  difficulty  with  any 
possible  case  if  he  strictly  fol- 
lows the  directions  which  have 
been  giyen.  The  plat  is  on  a 
scale  of  2  chains  to  1  inch, 
(=1:1584). 


STATIOlf. 

BIARIffOS. 

DIS- 
TANCSa. 

LATITUDI8. 

dep'turks. 

DOUBLE 
LONGITUDES. 

DOUBLE  AREAS.] 

N.4. 

8.— 

E.+ 

W.— 

N.+ 

8.— 

1 

N.  121«>  B. 

2.81 

2.75 

.60 

+  6.56 
-  -  4.05 

18.0400 

2 

N.  76®    W. 

3.20 

.77 

3.11 

3.1185 

3 

8.  244®  W. 
8.48^    B. 

1.14 

1.04 

.47 

4-    .47 

.4888 

4 

1.53 

1.02 

1.14 

+  1.14 

1.1628 

5 

8.  12A»  B. 
8.  77^    B. 

1.12 

1.09 

.24 

4-  2.52 

2.7468 

6 

1.64 

.37 

1.60 

+  4.36    1 

1.6132 

3.52  1  3.521 

3.58    3.58  1                     1 

121.1585 

6.0114 

6.0116 

Contend =0 A.  3R.  IP. 


2)15.1469 


Square  Chains,    7.5734 


JSxample  8. 

8TA. 

1 
2 

3 
4 

BKABINO. 

DISTAHOB. 

N.52»   E. 
S.  29|°  E. 
S.  311°  W. 
N.6r  W. 

10.64 

4.09 

7.68 
7.24 

Exampl 

e4. 

BTA. 
1 

2 
3 
4 

BBARIKG. 

DISTANCB. 

S.  21°  W. 
N.  83i»E. 
N.  12'  E. 
N.  47°  W. 

12.41 

5.86 
8.25 
4.24 

An».    4A.  8B.  28P. 
Example  5. 


An%.    4A.  2R.  87P. 
Example  6. 


STA. 

BBARING. 

DISTANCE. 

1 

2 
8 
4 
5 

N.  341°  E. 

N.85*  E. 
S.  56|'  E. 
S.  84i°  W. 
N.  56i«  W. 

2.78 
1.28 
2.20 
3.53 
3.20 

Am.    1A.  or.  14P. 


STA. 
1 

BBARINO. 

DISTANCB. 

N.  35°    E. 

6.49 

2 

S.  66i°  E. 
S.  84*  W. 

14.16 

3 

5.10 

4 

N.  56»    W. 

5.84 

5 

S.  29i»  W. 

2.52 

6 

N.  48i°  W. 

8Y8 

e&AF.  YI.] 
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Example  8. 


8TA. 

BBABmQ. 

DISTAXOB. 

1 

S.  21i»  W. 

17.62 

2 

S.  84»  W. 

10.00 

8 

N.  66»  W. 

14.16 

4 

N.  84»    E. 

9.76 

6 

N.  67°    E. 

2.80 

6 

N.  28»    E. 

7.08 

7 

N.  184'  E. 

4.48 

8 

S.  76i»  E. 

12.41 

Example  9. 


STA. 

BEABINa. 

DISTAKOB. 

1 

2 
8 
4 
6 
6 
7 
8 
9 

8.67°    E. 
S.  86i»  W. 
S.  89i»  W. 
S.  70i«  W. 
N.  68|»  W. 
N.  66°   W. 
N.  88l»  E. 
N.  66*'  W. 
N.  88J«  E. 

6.77 

2.26 
1.00 
1.04 
1.28 
2.19 
1.06 
1.64 
8.18 

Ans.    2A.  OR.  82P. 
Example  11. 


STA. 

BBABma. 

DISTANCE. 

1 

N.  18|*  E. 

1.98 

2 

N.  9°     W. 

1.29 

8 

N.  14°    W. 

2.71 

4 

N.  74°    E. 

0.96 

6 

8.  48i»  E. 

1.69 

6 

8  14i°  E. 

1.14 

7 

8  19X0  E. 

2.15 

8 

8.  234°  W. 

1.22 

9 

8. 6°     W. 

1.40 

10 

8.80°    W. 

1.02 

11 

8.  814°  W. 

0.69 

12 

N.  82i°  W. 

1.98 

STA. 

BBABIKG. 

DISTAITCB. 

1 

8.  664"  E. 
8.68*  E. 

4.98 

2 

8.56 

8 

8. 144°  W. 

20.69 

4 

8.47°    W. 

0.60 

5 

8.  674°  W. 
N.  66*    W. 

8.98 

6 

12.90 

7 

N.  84°    E. 

10.00 

8 

N.  21J  E. 

17.62 

Example  10. 


STA. 

BEABINO. 

DISTANCE. 

1 

N.  63°  61'  W. 

6.91 

2 

N.  63°  44'  W 

7.26 

8 

N.  69°  86'  W. 

8.84 

4 

N.  77°  60'  W. 

6.54 

5 

N.  81°  24'  E. 

14.88 

6 

N.  81°  18'  E. 

16.81 

7 

8.  68°  55'  E. 

13.64 

8 

8.  68°  42'  E. 

11.54 

9 

8.  88°  45'  W. 

81.56 

Ans.     74  Acres. 
Example  12. 


STA. 
1 

BEABmO. 

DISTANCB. 

N.  72|°  E. 

0.88 

2 

8.  20i»  E. 

0.22 

S 

S.  63°    E. 

0.75 

4 

N.  51°    E. 

2.35 

5 

N.44»    E. 

1.10 

6 

N.  254°  W. 
N.  8r   W. 
8.29*    W. 

1.96 

7 

1.06 

8 

1.68 

9 

N.  714°  W. 

0.81 

10 

N.  134°  W. 
N.63*   W. 

1.17 

11 

1.28 

12 

West. 

1.68 

18 

N.  49°    W. 

0.80 

14 

8.19i    E. 

6.20 
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Example  18.  A  farm  is  described  m  an  old  Deed,  as  bounded 
Uras.  Begibinmg  at  a  pile  of  stones,  and  running  thence  twentj- 
ieyen  chains  and  seyenty  links  Soulh-Easterlj  siziy-siz  and  a  half 
degrees  to  a  white-oak  stump ;  thence  eleyen  chains  and  sixteen 
links  North-Easterly  twen-  Fig.  197. 

tj  and  a  half  degrees  to  a 
hickory  tree;  thence  two 
chains  and  thirfy-fiye  links 
North-Easterlj  thiriy-siz 
degrees  to  the  South-East- 
erly comer  of  the  home- 
stead ;  thence  nineteen 
chains  and  thirty-two  links 
North-Easterly  twenty-six 
degrees  to  a  stone  set  in 
the  ground;  thence  tweniy- 
eight  chains  and  eighty  links 
North-Westerly  sixty-six 
degrees  to  a  pme  stump; 
thence  thirty-three  chains  and  nineteen  links  South-Westeily 
twenty-two  degrees  to  the  place  of  be^nning,  containing  ninety-two 
acres,  be  the  same  more  or  less.    Beqmred  the  exact  content. 

(297)  Rfasekeroiil's  Theorem.  The  mmfaee  of  anj/poh/gon 
is  equal  to  haff  the  eum  of  the  products  qf  its  sides  (omitting  any 
one  side')  taken  two  and  twoj  into  the  sines  of  the  angles  uMA 
those  sides  make  with  each  other. 


Thus,  take  any  polygon,  such  as  the  five- 
Aded  one  in  the  figure.  Express  the  angle  wluch 
the  directions  of  any  two  sides,  as  AB,  CD,  make 
with  each  other,  tiius  (ABaCD).  Then  will 
ttie  content  of  that  polygon  be,  as  below ; 

E 

B  i  [AB  .  BO  .  sin  (AB  A  BC)  -h  AB  .  CD  .  sin  (AB  A  CD} 
-(-  AB  .  DB    sm  (AB  A  BE)  -f  BO  .  CD    sin  (BO  A  OD) 
f  BO  .  DE  .  sin  (BO  A  BE)  -f  CD  .  DB  .  sin  (OD  A  DB)] 
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The  demonstration  consists  merely  in  dividing  the  polygon  into 
faiangleB  bjr  lines  dra^m  from  any  angle,  (as  A) ;  then  expressing 
&B  area  of  each  trian^  by  half  the  product  of  its  base  and  the 
perpendicular  let  &11  upon  it  from  &e  above  named  angle ;  and 
finally  separating*  the  perpendicular  into  parts  which  can  each  be 
eiquressed  by  the  product  of  some  one  side  into  tiie  sine  of  the 
an^e  made  by  it  with  another  side.  The  sum  of  these,  triangles 
equals  the  polygon. 

The  ezpresfflons  are  simplified  by  dividing  the  proposed  polygon 
into  two  parts  by  a  diagonal,  and  computing  the  area  of  each  part 
separately,  makmg  the  diagonal  the  side  omitted** 


CHAPTER  VIL 

THE  TARIATION  OF  THE  MAGNETIC  NEEDLE. 

(298)  DeflnltioBS.     The  Magnetic  Meridian  is  the  ^s-  i^ 
direction  indicated  by  the  Magnetic  Needle.    The  True  ^  ^ 
Meridian  is  a  true  Norih  and  South  line,  which,  if  pro- 
duced, would  pass  through  the  poles  of  the  earth.     The 
Variation^  or  BeeUnationy  of  the  needle  is  the  angle 
which  one  of  these  lines  makes  with  the  other.f 

In  the  figure,  if  NS  represent  the  direction  of  the  True 
Meridian,  and  N'S'  the  direction  of  the  Magnetic  Meri- 
dian at  any  place,  then  is  the  angle  NAN'  the  Variatian 
njf  the  Needle  at  that  place. 

(2W)  Direetien  of  Needle.  The  directions  of  these  two  meri> 
dians  do  not  generally  coincide,  but  the  needle  in  most  places 
pmts  to  the  East  or  to  the  West  of  the  tiue  North,  more  or  less 

*  The  original  Theorem  it  asaally  accredited  to  Lhuillier,  of  Genera,  who  pab 
Uahed  it  in  1789.  Bat  MascheroDi,  the  iDgeniona  author  of  the  **  Geometiy  of 
the  Oompaases,'*  had  published  it  at  Payia,  two  years  previotuly.  The  metnod 
ii  weU  develo|»ed  in  ProfL  Whitlock'a  ^  Blements  of  Geometry.'' 

t  **  Declination**  is  the  more  correct  term,  and  "  Variation"  shonld  be  reserved 
lor  the  change  in  the  Declination  which  will  be  considered  in  the  next  chapter} 
bol  custom  has  established  the  use  of  Variatirm  in  the  aenae  of  Declination* 
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Fig.  200. 

N 


according  to  the  locality.  ObservatioDS  of  the  amount  and  the 
direction  of  this  variation  have  been  made  in  nearly  all  parts  of  the 
world.  In  the  United  States  the  Variation  in  the  Eastern  States 
is  Westerly,  and  in  the  Western  States  is  Easterly,  as  will  be 
given  in  detail,  after  the  methods  for  determining  the  Trae  Meri- 
dian, and  consequentiy  the  Variation,  at  any  place,  have  been 
explained. 

TO  DETERMINE  THE  TRUE  MERIDIAN. 

(800)  By  eqnal  shadows  of  the  Snn.  On  the  South  side  of 
any  level  surface,  erect  an  up- 
right staff,  shown,  in  horizon- 
tal projection,  at  S.  Two  or 
three  hours  before  noon,  mark 
the  extremity,  A,  of  its  shadow. 
Describe  an  arc  of  a  circle  with 
S,  the  foot  of  the  staff,  for  cen- 
tre, and  SA,  the  distance  to 
the  extremity  of  the  shadow,  for  radius, 
after  noon  as  it  had  been  before  noon  when  the  first  mark  was 
made,  watch  for  the  moment  when  the  end  of  the  shadow  touches 
the  arc  at  another  point,  B.  Bisect  the  arc  AB  at  N.  Draw  SN, 
and  it  will  be  the  true  meridian,  or  North  and  South  line  required. 

For  greater  accuracy,  describe  several  arcs  before  hand,  mark 
the  points  in  which  each  of  them  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  all.  The  shadow  will  be  better 
defined,  if  a  piece  of  tin  with  a  hole  through  it  be  placed  at  the  top 
of  the  staff,  as  a  bright  spot  will  thus  be  substituted  for  the  less 
definite  shadow.  Nor  need  the  staff  be  vertical,  if  from  its  summit 
a  plumb-line  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  centre  of  the  arcs. 

This  method  is  a  very  good  approximation,  though  perfecfly 
correct  only  at  the  time  of  the  solstices ;  about  June  21st  and 
December  22d.  It  was  employed  by  the  Bomans  in  laying  out 
cities. 

To  get  the  Variation,  set  the  compass  at  one  end  of  the  True 
Meridian  line  thus  obtained,  sight  to  the  other  end  of  it,  and  take 


About  as  many  hours 
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the  Bearing  as  of  any  ordinary  line.    The  number  of  degrees  m 
the  reading  will  be  the  desired  variation  of  the  needle. 


(Ml)  By  the  Nortb  Star,  when  In  the  Meridian.  The  North 
Star,  or  Pole  Star,  (called  by  astronomers  Alpha  VrscB  JUinmSy 
m  jPolairi8)j  is  not  sitoated  precisely  at  the  North  Pole  of  the 
heavens.  If  it  were,  the  Meridian  could  be  at  once  determined  hj 
sighting  to  it,  or  placmg  the  eye  at  some  distance  behind  a  plmnb- 
Gne  so  that  this  line  should  hide  the  star.  But  the  Nortii  Star  is 
about  1^^  from  the  Pole.  Twice  in  24  hours,  however,  (more 
precisely  28h.  66m.),  it  is  in  the  Meri- 
dian, being  then  ezactiy  above  or  below 
the  Pole,  as  at  A  and  C  m  the  figure.  To 
know  when  it  is  so,  is  rendered  easy  by  the 
aid  of  another  star^  easily  identified,  which 
at  these  times  is  almost  exactly  above  or 
below  the  North  Star,  i.  e.  situated  in  the 
same  vertical  plane.  If  then  we  watch  for 
the  moment  at  which  a  suspended  plumb- 
line  will  cover  both  these  stars,  they  will  then  be  in  the  Meridian. 

The  other  star  is  in  the  well  known  constellation  of  the  Great 
Bear,  called  also  the  Plough,  or  the  Dipper,  or  Charleys  Wain. 


Fig.  202. 


•Fig.  203. 


'^1 


■? 


Two  of  its  five  bright  stars  (the  right-hand  ones  in  Hg.  202)  are 
hiown  as  the  *^  Pointers,''  from  their  pomting  near  to  the  Nortti 
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Star,  thus  asnsting  in  finding  ii  The  star  in  the  tail  or  handle, 
nearest  to  the  fonr  which  form  a  quadrilaiteral,  is  the  star  which 
comes  to  the  Meridian  at  the  same  time  with  the  North  Star, 
twice  in  24  honrs,  as  in  fig.  202  or  208.  It  is  known  as  AUaAj 
or  ^nlon  VrstB  Mcfforii* 

To  detenxune  the  Meridian  bj  this  method,  suspend  a  long 
plumb-line  from  some  elevated  point,  such  as  a  stick  projecting 
from  the  highest  window  of  a  house  suitably  situated.  The  piumb- 
bob  may  pass  into  a  pail  of  water  to  lessen  its  vibrations.  South 
of  this  set  up  the  compass,  at  such  a  distance  from  the  plumb-line 
that  neither  of  the  stars  will  be  seen  above  its  highest  point,  i.  e. 
in  Latitudes  of  40^  or  SO^notquiteasfarfromthe  plumb-line  as  it  is 
long.  Or,  instead  of  a  compass,  place  a  board  on  two  stakes,  so 
as  to  form  a  sort  of  bench,  running  East  and  West,  and  on  it  place 
one  of  the  compass-sights,  or  anything  having  a  small  hole  in  it  to 
look  through.  As  the  time  approaches  for  the  North  Star  to  be 
on  the  Meridian  (as  taken  from  the  table  given  below)  place  the 
compass,  or  the  sight,  so  that,  looking  through  it,  the  plumb-line 
shall  seem  to  cover  or  hide  the  North  Star.  As  the  star  moves 
one  way,  move  the  eye  aud  sight  the  other  way,  so  as  to  constantly 
keep  the  star  behind  the  plumb-line.  At  last  Aliothf  too,  will  be 
covered  by  the  plumb-line.  At  that  moment  the  eye  and  the 
plumb-line  are  (approximately)  in  the  Meridian.  Fasten  down  the 
sight  on  the  board  till  morning,  or  with  the  compass  take  the  bear 
ing  at  once,  and  the  reading  is  the  variation.! 

Instead  of  one  plumb-line  and  a  sight,  two  plumb-lines  may  be 
suspended  at  the  end  of  a  horizontal  rod,  turning  on  the  top  of  a 
pole. 

The  line  thus  obtamed  points  to  the  East  of  the  true  line  when 
the  North  Star  is  above  Alioth,  and  vice  versa.  The  North 
Star  is  exactly  in  the  Meridian  about  17  minutes  after  it  has  been 
m  the  same  vertical  plane  with  Alioth,  and  may  be  sighted  to  after 
that  intervUl  of  time,  with  perfect  accuracy. 

•  The  North  Pole  is  very  noarlj  at  the  intersection  ot  tiie  line  from  I'olaria  to 
Alioth,  and  a  perpendicular  to  this  line  from  the  small  star  seen  t'l  the  left  of  it  io 
Fig.  202. 

t  If  a  Transit  or  Theodolite  be  used,  the  cross-hairs  must  be  illuminated  by 
Uirowing  the  light  of  a  Ismf,  into  the  telescope  by  its  reflection  from  white  paper 
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Another  bright  star,  which  is  on  the  opposite  side  of  the  Pole, 
and  is  known  to  astronomers  as  Q-amma  CassiapeuB^  also  comes  on 
the  Meridian  nearly  at  the  same  time  as  the  North  Star,  and  will 
thus  assist  in  determining  its  direction. 

(102)  The  time  at  which  the  North  Star  passes  the  Meridian 
aboye  the  Pole,  for  every  10th  day  in  the  year,  is  given  in  the  fol- 
lowing Table,  in  common  clock  time.*  The  upper  transit  is  the 
most  convenient,  since  at  the  other  transit  Alioth  is  too  high  to  be 
convenientiy  observed. 


rs 

3 


rfe^ 


^ 


MONTH. 


January, 

February, 

March, 

April, 

May, 

June, 

July, 

August, 

September, 

October, 

November, 

December, 


1st  Day. 


H.     M. 

6  21 
4  18 
2  28 
0  26 

10  28 
8  27 
6  29 
4  28 
2  26 
0  28 

10  22 
8  24 


11th  Day. 


H.  M, 

P.  M.    5  41  p.  M. 

p.  M.  3  39  p.  M. 

p.  M.   1  49  p.  M. 

p.  M.  11  47  A.  M. 
A.  M.  9  49  A.  M. 
A.  M.  7  48  A.  M. 
A.  M.  5  50  A.  M. 
A.  M.  3  49  A.  M. 
A.  M.  1  47  A.  M. 
A.  M.  11  45  P.  M. 

P.  H.  9  43  p.  M. 
p.  mJ  7  45  p.  M. 


21st  Day. 


M.  If  a 

6-  02  p.  M. 

3  00  p.  M. 

1  09  p.  M. 

11  08  A.  M. 

9  10  A.  H. 

7  08  A.  M. 

5  11  A.  M. 

3  09  A.  M. 

1  07  A.  M. 

11  06  p.  If. 

9  04  p.  M. 

7  06  P.M. 


*  To  calculate  the  time  of  the  North  Star  pauing  the  Meridian  at  its  Dpper  eoh 
minatioo :  Find  in  the  "  American  Almanac/'  (Boston),  or  the  **  Astronomical 
Bphemeris,''  (Washington),  or  the  '*  Nautical  Almanac,"  (London),  or  by  inlerpo* 
lation  from  the  data  at  the  end  of  this  note,  the  right  ascension  of  the  star,  and  from 
it  (increased  by  twenty*four  hours  if  necessary  to  render  the  subtraction  possible) 
mbtract  the  Right  ascension  of  the  Sun  at  mean  noon,  or  the  sidereal  time  at 
mean  noon,  for  the  given  day,  at  found  in  the  "  Ephemeris  of  the  Sun,"  in  the 
aame  Almanacs.  From  the  remaindior  subtract  the  acceleration  of  sidereal  on 
mean  time  corresponding  to  this  remainder,  (3m.  56s.  for  24  hours),  and  the  new 
remainder  is  the  requirra  mean  solar  time  of  the  npper  passage  of  the  star  across 
the  Meridian,  in  "Astronomical"  reckoning,  the  astronomical  day  beginning  at 
Boon  of  the  common  ctrii  day  of  the  same  date. 

The  right  ascension  of  the  North  Star  for  Jan.  1,  1850,  is  Ih.  05m.  01.4s. ;  for 
IMO,  Ih.  08m.  02.8s.;  for  1870,  Ih.  11m.  16.9s.;  for  1880,  Ih.  14m.  45.1s.;  fof 
1880  Ih.  18m.  ftdSU. ;  for  1900,  Ih.  22m.  Sis. 

13 
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To  find  the  timd  of  the  star's  passage  of  the  Meridiau  for  othei 
days  than  those  given  in  the  Table,  take  from  it  the  time  for  the 
daj  most  nearly  preceding  that  desired,  and  subtract  from  this 
time  4  minutes  for  each  day  from  the  date  of  the  day  in  the  Table 
to  that  of  the  desired  day ;  or,  more  accurately,  interpolate,  by 
saying :  As  the  number  of  days  between  those  given  in  the  Table 
is  to  the  number  of  days  from  the  next  preceding  day  in  the  Table 
to  the  desired  day,  so  is  the  difference  between  the  times  ^ven  in 
the  Table  for  the  days  next  preceding  and  following  the  desired 
day  to  the  time  to  be  subtracted  from  that  of  the  next  preceding 
day.  The  first  term  of  the  preceding  proportion  is  always  ten^ 
except  at  the  end  of  months  .having  more  or  less  than  30  days. 
For  example,  let  the  tune  of  the  North  Star's  pa^smg  the  Meridian 
on  July  26th  be  required.  From  July  21st  to  August  1st  being 
11  days,  we  have  this  pi*oportion :  11  days  :  5  days  : :  43  minutes  : 
19j\-  minutes.  Taking  this  from  5h.  11m.  A.  M.,  we  get  4h. 
61  j^m.  A.  M.  for  the  time  of  passage  required. 

The  North  Star  passes  the  Meridian  later  every  year.  In 
1860,  it  will  pass  the  Meridian  about  two  minutes  later  than  in 
1854 ;  in  1870,  five  minutes,  in  1880,  eight  minutes,  in  1890, 
twelve  minutes,  and  in  1900,  sixteen  minutes,  later  than  in  1854: 
the  yeax  for  which  the  preceding  table  has  been  calculated. 

The  times  at  which  the  North  Star  passes  the  Meridian  below 
the  Pole,  in  its  lower  Transit,  can  be  found  by  adding  llh.  58m. 
to  the  time  of  the  upper  Transit,  or  by  subtracting  that  interva] 
*rom  if 

(803)  By  tke  North  Star  at  its  extreme  elongation.  When 
the  North  Star  is  at  its  greatest  apparent  angular  distance  East  or 
West  of  the  Pole,  as  at  B  or  D  in  fig.  201,  it  is  said  to  be  at  its 
extreme  Ea3tem,  or  extreme  Western,  Elongation.  If  it  be  observed 
at  either  of  these  times,  the  direction  of  the  Meridian  can  be  easily 

*  The  North  Star,  which  is  dow  aboat  !•  2S'  from  the  Pole,  was  12^  distant 
from  it  when  its  place  was  first  recorded.  Its  distance  is  now  dimimsbing  at  the 
rate  of  aboat  a  third  of  a  minute  in  a  year,  and  will  continue  to  do  so  till  it  ap« 
uroachcs  to  within  half  a  degree,  when  it  will  again  recede.  The  brightest  star 
in  <he  Northern  hemisphere.  Alpha  Lyrm,  will  hQ  the  Fole  Star  in  about  12,000 
rears,  being  then  w^^m  about  5^  of  the  Pole,  though  now  more  than  51®  distant 
oromit 
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obtained  from  the  observation.  The  great  advantage  of  this  method 
over  the  preceding  is  that  then  the  star's  motion  apparently  ceases 
finr  a  short  time. 


(304)  The  following  Table  gives  the 

TDCBS  OF  BXTBEME  ELONGATIONS  OP  THB  NORTH  STAR.* 


ICOSTH. 

1st  Day. 

IIth  Day. 

21sT  Day. 

EASTERN. 

WESTERN. 

eastern. 

WESTERN. 

EASTERN. 

WESTERN.^ 

H«    JdL. 

£&«      U« 

H.   M. 

H.   M. 

M.   M. 

H.   M. 

Jan'j, 

0  27  P.M. 

019  a.m. 

1147  a.m. 

11 35  p^. 

1108  a.m. 

1056  p.m. 
854  p.m. 

Feb'y, 

1024  a.m. 

10 13  P.M. 

945  a.m. 

9  33  P.M. 

906  a.m. 

&farch, 

884  a.m. 

8  22  P.M. 

755  a.m. 

7  43  P.M. 

715  a.m. 

•^  04  P.M. 

April, 

632  a.m. 

6  20  P.M. 

5  53  A.M. 

5  41  P.M. 

514  a.m. 

5  02  P.M. 

May, 

434  a.m. 

4  22  P.M. 

355  a.m. 

3  43  P.M. 

316  a.m. 

3  04  P.M. 

Tnne, 

233  a.m. 

2  21  P.M. 

1  53  A.M. 

1 42  P.M. 

114  a.m. 

1 02  P.M, 

July, 

O  35  A.M. 

0  23  P.M. 

11 52  P.M. 

11  44  A.M. 

11 13  P.M. 

1105  a.m. 

August, 

10  30  P.M. 

1022  a.m. 

9  51  P.M. 

943  a.m. 

9  11  P.M. 

903  a.m. 

Sept'r, 

8  28  P.M. 

820  a.m. 

7  49  P.M. 

741a.m. 

7  09  p,M. 

701a.m. 

Oct'p, 

6  30  P.M. 

6  22  a.m. 

5  51  P.M. 

543  a.m. 

512  p.m. 

5  04a.1i. 

Nov'r,     428  p.m. 

421a.m. 

3  49  P.M. 

3  41  A.M. 

3 10  P.M. 

302  a.m. 

Dec'r,  1  230  p.m. 

2  22  a.m. 

1 51  P.M. 

143  a.m. 

1 12  P.M. 

104A.;tf^ 

like  Eastern  Elongations  from  October  to  March,  and  the  West- 
ern Elongations  from  April  to  September,  occurring  in  the  day 
tme,  they  will  generally  not  be  visible  except  with  the  aid  of  a 
powerful  telescope. 

*  To  calculate  the  tiinei  of  the  greatest  elongation  of  the  North  Star :  Find  in 
oiM  of  the  Almanacs  before  referred  to,  or  from  the  data  below,  ita  Polar  di^ 
tance  at  the  given  time.  Add  the  logarithm  of  ita  tansent  to  the  logarithm  of  the 
tai^ent  of  the  Latitude  of  the  place,  and  the  sum  will  be  the  logarithm  of  the 
conne  t*f  the  Hoar  angle  bdfore  or  after  the  calmination.  Bedace  the  apace  to 
time;  correct  for  aidereal  acceleration  (3m.  56a.  for  24  hoars)  and  anblract  the 
VBMilt  from  the  time  of  the  atar'a  paaaing  the  meridian  on  that  day.  to  get  the  tiiiM 
•f  the  Bastem  elongation,  or  add  it  to  get  the  Western. 

The  Polar  distance  of  the  North  Star,  for  Tan.  1,  1850,  is  1®  29^  25^*;  for  186i, 
!•  »  12".7;  for  1870,  !•  23»  01";  for  1880,  !•  19  50".4;  for  1890,  !•  lO*  40r  Tl 
§ar  1900,  l^  13'  32^.2. 
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The  preceding  Table  was  calculated  for  Latitude  40^.  The 
lime  at  which  the  Elongations  occur  vary  slightly  for  other  Lati- 
tudes. In  Latitude  50^,  the  Eastern  Elongations  occur  about  2 
minutes  later  and  the  Western  Elongations  about  2  minutes  earlier 
than  the  times  in  the  Table.  Li  Latitude  26^^  precisely  the 
reverse  takes  place. 

The  Times  of  Elongation  are  continually,  though  slowly,  becom- 
mg  later.  The  preceding  Table  was  calculated  for  July  1st,  1854« 
In  1860,  the  times  will  be  nearly  2  minutes  later;  and  in  1900, 
the  Eastern  Elongations  will  be  about  15  minutes,  and  the  Western 
Elongations  17  nunutes  later  than  in  1854. 

(805)  ObseryatiOBSi  Elnowing  from  the  preceding  Table  the  , 
hour  and  minute  of  the  extreme  Elongation  on  any  day,  a  little 
before  that  time  suspend  a  plumb-line,  precisely  as  in  Art.  (SOOy 
and  place  yourself  south  of  it  as  there  directed.  As  the  North 
Star  moves  one  way,  move  your  eye  the  other,  so  that  the  plumb- 
line  shall  continually  seem  to  cover  the  star.  At  last  the  star  will 
appear  to  stop  moving  for  a  time,  and  then  begin  to  move  back- 
wards. Fix  the  sight  on  the  board  (or  the  compass,  &c.)  in  the 
position  in  which  it  was  when  the  star  ceased  moving ;  for  the  star 
was  then  at  its  extreme  apparent  Elongation,  East  or  West,  as  the 
ease  may  be. 

(806)  AzimuthSt  The  angle  which  the  Une  from  the  eye  to  the 
plumb-line,  makes  with  the  True  Meridian  (i.  e.  the  angle  between 
the  meridian  plane  and  the  vertical  plane  passing  through  the  eye 
and  the  star)  is  called  the  Azimuth  of  the  Star.  It  is  ^ven  in  the 
following  Taole  for  different  Latitudes,  and  for  a  number  of  yean  to 
oome.  For  the  intermediate  Latitudes,  it  can  be  obtained  by  a 
simple  proportion,  similar  to  that  explained  in  detail  in  Art.  (80S)** 

*  To  calculate  this  Azimuth :  From  the  logarithm  of  the  sine  of  the  Polar  dia 
tance  of  the  star,  subtract  the  logarithm  of  the  cosine  of  the  Latitude  of  theplaoa ; 
Ibe  remainder  will  be  the  logarithm  of  the  sine  of  the  angle  required  Tne  P» 
4ue  distance  can  be  obtained  as  directed  in  the  last  note 


\ 
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AZIMUTHS  or  THB  J 

irORTH  STAB. 

rLadtadas. 

1854    1855 

1866 

1857 

1868 

1859     1860 

1870 

60° 

2«16|' 

20 16i' 

2°  16' 

20 15V 

20  15' 

2->  MV-S^  14V 

20  09V 

490 

20 14' 

20 13J' 

20 13V 

20 12  V 

20 12V 

20  12' 

20  llv 

20  ocv 

48° 

20 11  J' 

20  11' 

20  lOV 

20  lOV 

20  09V 

20  09V 

20  09'  20  04'  1 

470 

2^09' 

23  08i' 

2=08' 

20  07V 

20  07V 

20  06V 

20  06V 

20  OIV 

46° 

23  06|' 

20  06  J' 

20  05V 

20  05V 

2"^  05' 

20  04V 

20  04V 

10  59V 

450 

20  04J' 

20  04' 

20  03V 

20  08V 

20  02V 

20  02V 

20  02' 

1°  57V 

440 

20  02  J' 

20  02' 

20  OIV 

20  OIV 

20  01' 

2O00V 

20  00' 

10  66V 

.    430* 

2P  00  J' 

2°  00' 

10  59V 

1059' 

10  58V 

10  68V 

10  58' 

10  58V 

420 

1°  58  J' 

1068' 

10  57V 

10  67V 

10  66V 

10  56V 

10  66' 

10  51V 

41° 

1°  56|' 

1°  66V 

10  66V 

10  56V 

I066' 

10  64V 

10  54V 

10  60' 

40^ 

10  65' 

10  64V 

10  64' 

10  68  V 

10  53v 

10  63' 

10  62V 

10  48V 

S9» 

10  63  J' 

1°  62|' 

10  62  V 

10  62' 

10  51V 

10  61V 

10  49|/ 

1^61' 

1°  46V 

.    88° 

10  61|' 

1°  61V 

10  61' 

10  50V 

10  60' 

10  49V 

P  45V 

87° 

1°  60  J' 

1°  49V 

10  49V 

1049' 

10  48V 

10  48V 
1047' 

10  48'  • 

1044- 

86° 

lo48|' 

10  48V 

1048' 

10  47V 

10  47  V 

10  46V 

10  42J' 

86° 

1°  47i' 

1047/ 

10  46V 

10  46V 

1046' 

10  45V 

10  45V 

10  41V 

84° 

1°  46t' 

10  46V 

10  45V 

1045' 

10  44|' 

P  44V 

1044' 

10  40V 

830 

1?45' 

10  44V 

10  44V 

10  43  V 

10  43  V 

10  43' 

10  42  V 
10  41V 

1039' 

82° 

1044' 

10  48V 

1043' 

10  42  V 

1°  42V 

1042' 

1038' 

81° 

1«  42|' 

10  42V 

1042' 

10  41V 

10  41' 

10  40V 

10  40V 

10  87' 

80° 

10  41i' 

P  41V 

10  41' 

10  40V 

10  40V 

10  40' 

10  89V 

1036' 

(JW)  Mttng  out  a  Merliliaii.  When  two  points  in  tho  direc- 
tion of  the  North  Star  at  its  extreme  elongation  have  been  ^'^s-  20^ 
obtained^  as  in  Art.  (805)  9  the  True  Meridian  can  be 
found  thus.  Let  A  and  B  be  the  two  points.  Multiplj  the 
natural  tangent  of  the  Azimuth  given  in  the  Table,  by  the 
distance  AB.  The  product  will  be  the  length  of  a  line 
ivliich  is  to  be  set  off  firom  B,  perpendicular  to  AB,  to 
tome  point  C.  A  and  G  will  then  be  points  m  the  True 
Meridian.    This  operation  may  be  postponed  till  morning. 

If  the  directions  of  both  the  extreme  Eastern  and  extreme 
Western  elongations  be  set  out,  the  line  lying  midway 
between  them  will  be  the  True  Meridian. 


' 
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(308)  Determtiifiif  the  Tarlatlon.  The  variadon  would  of 
oourse  b«  given  by  taking  the  Bearing  of  the  Meridian  thua 
obtained,  but  I^  can  also  be  determined  bj  taking  the  Bearing  of 
the  star  at  the  time  of  the  extreme  elongation,  and  applying  tha 
following  rules. 

When  the  Azimuth  of  the  star  and  its  magnetic  bearing  are  one 
East  and  the  other  West,  the  sum  of  the  two  is  the  Magnetic  Yari> 
tion,  which  is  of  the  same  name  as  the  Azimuth ;  i.  e.  East,  if  that 
be  East,  and  West,  if  it  be  West. 

When  the  Azimuth  of  the  star  and  its  Magnetic  Bearing  are 
both  East,  or  both  West,  their  difference  is  the  Variation,  which 
will  be  of  the  same  name  as  the  Azimuth  and  Beaiu^g,  if  the  Azi- 
muth be  the  greater  of  the  two,  or  of  the  contrary  name  if  the 
Azimuth  be  the  smaller.  Pig*  205. 

All  these  cases  are  presented  together  in  the  ^   ^  ^  I'    IV 
figure,  in  which  P  is  the  North  Pole ;  Z  the  place 
of  the  observer ;  ZP  the  True  Meridian ;  S  the 
star  at  its  greatest  Eastern  elongation ;  and  ZN, 
ZN',ZN",  various  supposed  directions  of  the  needle. 

Gall  the  Azimuth  of  the  star,  i.  e.  the  angle 
PZS,  2^  East. 

Suppose  the  needle  to  point  to  N,  and  the  Bear- 
mg  of  the  star,  i.  e.  SZN,  to  be  6^  West  of  Mag- 
netic North.  The  variation  PZN  will  evidently  be 
7^  East  of  true  North.  Z 

Suppose  the  needle  to  point  to  N',  and  the  bearing  of  the  star, 
i.  e.  N'ZS,  to  be  l^''  East  of  Magnetic  North.  The  Yariatioa 
will  be  1^  East  of  true  North,  and  of  the  same  name  as  the  Aamuth, 
because  that  is  greater  than  the  bearing. 

Suppose  the  needle  to  point  to  N"  and  the  bearing  of  the  star, 
L  e.  N"ZS,  to  be  lO""  East  of  Magnetic  North.  The  Variation 
will  be  8^  West  of  true  North,  of  the  contrary  name  to  the  Aidmutii, 
because  that  is  the  smaller  of  the  two.* 


*  Algebraicallj,  always  subtract  the  Bearinflr  fh>ii]  the  Azimath,  and  give  the 
mainder  its  pro[»er  resafting  algebraic  sign.  It  wiU  be  the  Variation;  East  ^PJl^ 
and  West,  if  minus.  Thns  in  the  first  case  above,  the  Variation  ■■  -{-  8^  — 
(—  5^)  »  4-  7^  e-  7^  East  In  the  second  case,  the  Variation  ».  4.  2^  —  (  4.  l|0| 
•>  -L.  |o  »  }o  East.  In  the  third  case,  the  Variation  —  4.  2o  —  r+  10^^  «" 
—  g*»  —  8®  West. 
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If  the  stisur  was  on  the  other  side  of  the  Pole^  the  rules  would 
applj  likewise. 

(SM)  Other  Methods*  Many  other  methods  of  detemuning  the 
true  Meridian  are  employed ;  such  as  by  equal  altitudes  and  azi- 
muths of  the  sun,  or  of  a  star ;  by  one  azimuth,  knowing  the  time ; 
by  observations  of  circumpolar  stars  at  equal  times  before  and  after 
their  culmination,  or  before  and  after  their  greatest  elongation,  &o 

All  these  methods  however  require  some  degree  of  astronomical 
knowledge ;  and  those  which  have  been  expidned  are  abundantly 
sufficient  for  all  the  purposes  of  the  ordinary  Land-Surveyor. 

^^ Burt's  Solar  Compass"  is  an  instrument  by  which,  ''when 
adjusted  for  the  Sun's  declination,  and  the  Latitude  of  the  place, 
the  azimuth  of  any  line  from  the  true  North  and  South  can  be  read 
off,  and  the  difference  between  it  and  the  Bearing  by  the  compass 
will  then  be  the  variation." 

(310)  Magnetic  yariation  in  the  Pnfted  States.  The  vari- 
ation of  the  Magnetic  needle  in  any  part  of  the  United  States, 
can  be  approximately  obtained  by  mere  inspection  of  the  map 
at  the  beginning  of  this  yolume.^  Through  all  the  places  at 
which  the  needle  in  1850,t  pointed  to  the  true  North,  a  line  is 
drawn  on  the  map,  and  called  the  JJme  of  no  Variation.  It  will 
be  seen  to  be  nearly  straight,  and  to  pass  in  a  N.N.W.  direction 
from  a  little  west  of  Cape  Hatteras,  N.  0.  through  the  middle  of 
Virginia,  abont  midway  between  Cleveland,  (Ohio),  and  Erie, 
(Pa.),  and  through  the  middle  of  Lake  Erie  and  Lake  Huron.  If 
followed  Sonth-Easteny  it  would  be  found  to  touch  the  most 
Easterly  point  of  Sonth  America.  It  is  now  slowly  moving 
Westward. 

At  all  places  situated  to  the  East  of  this  line  (including  the 
NeW'England  States,  New- York,New- Jersey,  Delaware,  Mary- 
land, nearly  all  of  Pennsylvania,  and  the  Eastern  half  of  Virginia 
and  North  Carolina)  the  Variation  is  Westerly,  i.  e.  the  north  end 
of  the  needle  points  to  the  west  of  the  true  North.  At  all  places 

^  Copied  (bj  permiflsion)  from  one  prepared  in  1866,  bj  ProiT  A.  D.  Bache,  Sapt  U. 
&  Coett  Sorrej,  from  the  17.  S.  C.  S.  Obserrations.  The  dotted  portions  of  the  linea 
are  interpoiationt  doe  to  the  kindness  of  J.  E.  Hilgard,  Assist  U.  8.  Coast  Sorrej. 

t  A  sradoal  change  in  the  yariation  is  going  on  from  year  to  year,  as  wiU  be  ex- 
Ulalned  in  the  next  Chapter. 
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situated  to  the  West  of  this  line  (including  the  Western  and  South- 
em  States)  the  Variation  is  easterij,  i.  e.  the  North  end  of  the 
needle  points  to  the  East  of  the  true  North.  This  variation  in« 
creases  in  proportion  to  the  distance  of  the  place  on  either  side  of 
the  line  of  no  variation,  reaching  21^  of  Easterlj  Variation  in  Ore- 
gon, and  18°  of  Westerly  Variation  in  Maine. 

Line%  of  equal  Variation  are  lines  drawn,  through  all  the  places 
which  have  the  same  variation.  On  the  map  they  are  drawn  for 
each  degree.  All  the  places  situated  on  the  line  marked  1°,  East 
or  West,  have  V  Variation ;  those  on  the  2°  line,  have  2°  Varia- 
tion, &;c.  The  variation  at  the  intermediate  places  can  be  approxi- 
mately estimated  by  the  eye.     These  lines  all-  refer  to  1840. 

The  lines  of  equal  Variation,  if  continued  Northward,  would  all 
meet  in  a  certain  point  called  the  Magnetic  Pole^  and  situated  in 
the  neighborhood  of  96°  West  Longitude  from  Greenwich,  and  70** 
of  North  Latitude.     Towards  this  pole  the  needle  tends  to  point. 

Another  Magnetic  pole  is  found  in  the  Southern  hemisphere ; 
but  the  farther  development  of  this  subject  belongs  to  a  treatise  on 
Natural  Philosophy. 

The  Variation  on  the  Pacific  slope  of  this  country  has  been  very 
imperfectiy  ascertained.    A  few  leading  points  are  as  below. 
California ;      Point  Conception,  Sept.  1850, 18°  49^'  E. 

Point  Penos,  Monterey,     Feb.   1851, 14°  58'  .  E. 

Presidio,  San  Francisco,     Feb.   1852, 15°  27'    E. 

San  Diego,  Mar.  1851, 12°  29'    E. 

Oregon ;  Cape  Disappointment,      *  Jnly,  1851,  20°  45'    E. 

Ewing  Harbor,  Nov.  1851, 18°  29'    E. 

Wash.  Ter'y.  Scarboro'  Harbor,  Aug.  1862,  21°  SO'    E. 

(811)  To  correct  Magnetic  Bearings.  The  Variation  at  any 
place  and  time  being  known,  the  Magnetic  Bearings  taken  there 
and  then,  may  be  reduced  to  their  true  Bearings,  by  these  Rules. 

Rule  1.  Whm  the  VariaOan  is  West,  aa  it  is  in  the  North- 
Eastem  States,  the  true  Bearing  will  be  the  9um  of  the  Variation 
and  a  Bearing  which  is  North  and  West,  or  South  and  East ;  and 
die  difference  of  the  Variation  and  a  Bearing  which  is  North  and 
East,  or  South  and  West.    To  apply  this  to  the  cardinal  points,  a 
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Noiih  Bearing  must  be  called  N.  0°  West,  an  East  Bcariug  N. 
90^  E.,  a  South  Bearing  S.  0**  E.,  and  a  West  Bearmg  S.  90°  W. ; 
counting  around  from  N'  to  N,  in  the  figure,  and  so  onward,  ^^  with 
die  Sun." 

The  reasons  for  these  corrections 
are  apparent  from  the  figure,  in  which 
the  dotted  lines  and  the  accented  let^ 
ters  represent  the  direction  of  the  nee- 
dle, and  the  fuU  lines  and  the  unac- 
cented letters  represent  the  true  North  tv* 

and  South  and  East  and  West  lines.     •^^-''^ 

When  the  sum  of  the  Variation  and 
the  Bearing  is  directed  to  be  taken, 
and  comes  to  more  than  90°,  the  sup-  S     ^ 

plement  of  the  sum  is  to  be  taken,  and  the  first  letter  changed. 
When  the  difference  is  directed  to  be  taken,  and  the  Variation  is 
greater  than  the  Bearing,  the  last  letter  must  be  changed.  A 
diagram  of  the  case  will  remove  all  doubts.  Examples  of  all  these 
cases  are  given  below  for  a  Variation  of  8°  West. 


HAGNBTIO 

TRUE 

MAGNETIO 

TRUE 

BEASINO. 

BEARINa. 

BBABma. 

BEABma. 

North. 

N.    8*W. 

South. 

S.    8°E. 

N.    loE. 

N.    7'W. 

S.    2»W. 

S.    6°E. 

N.  40"  E. 

N.  32'  E. 

S.  60°  W. 

S.  62°  W. 

East. 

N.  82»  E. 

West. 

S.  82°  W. 

S.  60°  E. 

S.  58  E. 

N.  70°  W. 

N.  78°  W. 

1     S.  89°  E. 

N.  88»  E. 

N.  88°  W. 

S.  89°  W. 

Hr. 


Rule  2.  When  the  Variation  is 
East  J  as  in  the  Western  and  Southern 
States,  the  preceding  directions  must 
be  exactiy  reversed ;  i.  e.  the  true 
Bearing  will  be  the  difference  of  the 
Variation  and  a  Bearing  which  is  ^' 
North  and  West,  or  South  and  East ; 
and  the  sum  of  the  Variation  and  a 
Bearing  which  is  North  and  East,  or 
South  and  West.    A  North  Bearing 


Fig.  S07. 
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most  be  called  N.  O"*  E.,  a  West  Bearing  K  00""  W.j  a  SouA 
Bearing  S.  0^  W.,  and  an  East  Bearing  S.  90"^  E.,  counting  firoiv 
N'  to  N)  and  so  onward,  ^^  against  the  sun."  The  reasons  foi 
these  rules  are  seen  in  the  Figure.  Examples  are  given  below,  fbi 
a  Variation  of  5""  E. 


UAGNBTIO 

TRUB 

HAaNSXIO 

TBUB 

BKABma. 

BBABINO. 

BEAHmO. 

BBARINe. 

North. 

N.    6-E. 

South. 

S.     6»W. 

N.  40"  E. 

N.  45»  E. 

S.  60»  W. 

S.  650  W. 

N.  89"  E. 

S.  86"  E. 

S.  87"  W. 

N.  88"  W. 

East. 

S.  85»  E. 

West. 

N.  86»  W. 

S.    1°E. 

S.    4»W. 

N.  70»  W. 

N.  65'  W. 

S.  60"  E. 

S.  45°  E. 

N.    2»W. 

N.    S'E. 

(312)  To  saryey  a  line  with  tme  Bearings.  The  compass 
may  be  set,  or  adjusted,  by  means  of  the  Vernier,  (noticed  in  Arts. 
(229)  and  (2S7),  and  shown  m  Tig.  148,  page  126)  according  to 
the  Variation  in  any  place,  so  that  the  Bearings  of  any  lines  then 
taken  with  it  will  be  their  true  Bearings.  To  effect  this,  turn  aside 
the  compass  plate,  by  means  of  the  Tangent  Screw  which  moves 
the  Vernier,  a  number  of  degrees  equal  to  the  Variation,  moving 
the  S.  end  of  the  Compass-box  to  the  rights  (the  North  end  being 
supposed  to  go  ahead)  if  the  Variation  be  Westerly,  and  vice  versa; 
for  that  moves  the  North  end  of  the  Compass-box  in  the  contrai^ 
direction,  and  thus  makes  a  line  which  before  was  N.  by  the  ne^ 
die,  now  read,  as  it  should  truly.  North,  so  many  degrees.  West 
if  the  Variation  was  West ;  and  similarly  in  the  reverse  case. 
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CHANGES  IN  THE  YARIiTION. 

(SIS)  The  Cfhanges  in  the  Yariatioii  are  of  more  pracfieal 
ffliportance  ihaii  itB  absolate  amount.  Thej  are  of  four  kindi! 
Irregalar,  Diurnal,  Annual  and  Secular. 

(SI  4)  Irr^^ar  ehangeSt  The  needle  is  subject  to  sudden 
and  violent  changes,  which  have  no  known  law.  Thej  are  some* 
times  coincident  with  a  thunder  storm,  or  an  Aurora  Borealis, 
(during  which,  changes  of  nearly  1^  in  one  minute,  2^^  hi  eight 
minutes,  and  10°  in  one  night,  have  been  observed),  but  often 
bave  no  apparent  cause,  except  on  otherwise  invisible  **  Magnetic 
Storm." 

(SIS)  The  Dluraal  chan(|;e«  On  continuing  observations  of 
the  direction  of  the  needle  throughout  an  entire  day,  it  will 
be  found,  in  the  Northern  Hemisphere,  that  the  North  end 
of  the  needle  moves  Westward  firom  about  8  A.  M.  till  about  2 
P.  M.  over  an  arc  of  from  10'  to  15',  and  then  gradually  returns 
to  its  former  position/  In  the  Southern  Henusphere,  the  direction 
of  this  motion  is  reversed.  The  period  of  this  change  being  a  day, 
it  is  called  the  Diurnal  Variation.  Its  effect  on  the  permanent 
Variation  is  necessarily  to  cause  it,  in  places  where  it  is  West,  to 
attain  its  maximum  at  about  2  P.  M.,  and  its  minimum  at  about  8 
A.  M. ;  and  the  reverse  where  the  Variation  is  East. 

This  Diurnal  change  adds  a  new  element  to  the  inaccuracies  of 
the  compass ;  since  the  Bearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours  interval,  might  vary  a  quarter  of  a  degree, 
which  would  cause  a  deviation  of  the  end  of  the  line,  amounting  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  85  links,  or  28 
feet,  at  the  end  of  a  nule.  The  hour  of  the  day  at  which  any 
unportant  Bearing  is  taken  should  therefore  be  noted. 

*  A  rimilar  bat  tmaller  movemeiit  takei  place  daring  the  night 
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(316)  The  Annnal  change*  If  the  observations  bo  continued 
throughout  an  entire  year,  it  will  be  found  that  the  Diurnal  changes 
vary  with  the  seasons,  being  about  twice  as  great  in  Summer  as  in 
Winter.  The  period  of  this  change  being  a  year,  it  is  called  the 
Annual  Variation. 

(317)  The  Secular  chani^e*  When  accurate  observations  on 
the  Variation  of  the  needle  m  the  same  place  are  continued  for 
several  years,  it  is  found  that  there  is  a  continual  and  tolerably 
regular  increase  or  decrease  of  the  Variation,  continuing  to  pro- 
ceed in  the  same  direction  for  so  long  a  period,  that  it  may  be 
called  the  Secular  change  of  Variation.* 

The  most  ancient  observations  are  those  taken  in  Paris.  In  the 
year  1641  the  needle  pomted  7®  East  of  North ;  in  1580  the  Vari- 
ation had  increased  to  11^^  East,  being  its  maximum ;  the  needle 
then  began  to  move  Westward,  and  in  1666,  it  had  returned  to  the 
Meridian;  the  Variation  then  became  West,  and  continued  to 
increase  till  in  1814  it  attained  its  maximum,  being  22°  84'  West 
of  North.  It  is  now  decreasing,  and  in  1853  was  20°  17'  W.  In 
London,  the  Variation  in  1576  waa  11^  15'  E. ;  in  1662,  0° ;  in 
1700,  9°  40'  W. ;  in  1778,  22^  11'  W. ;  in  1815,  24°  27'  W.  ; 
and  in  1848,  28^  8'  W. 

In  this  country  the  north  end  of  the  needle  was  moving  Easir 
ward  at  the  earliest  recorded  observations,  and  continued  to  do  so 
till  about  the  year  1810  (variously  recorded  as  from  1793  to 
1819),  when  it  began  to  move  Westward  which  it  has  ever  since 
continued  to  do.  Thus,  in  Boston,  from  1708  to  1807  the  Varia 
tion  changed  from  9°  W.  to  6°  6'  W.,  and  from  1807  to  1840,  it 
changed  from  &"  6'  W.  to  9^  18'  W. 

Valuable  Tables  of  the  Secular  changes  of  the  Variation  in  van 
ous  parts  of  the  United  States  have  been  published  by  Prof.  Loomia 
in  SiUiman's  ^^  American  Journal  of  Science,"  Vol.  84,  July,  1838, 
p.  801 ;  Vol.  89,  Oct.  1840,  p.  42 ;  and  Vol.  48,  Oct.  1842, 
p.  107.  An  abstract  of  the  most  reliable  of  them  is  here  given, 
froy  and  Schenectady  are  from  other  sources. 

•  If  the  term  "  Declination  of  the  Needle"  could  be  restored  to  its  proper  u«e 
•nil  **  Change  of  Variation'  woiitd  be  properly  called  the  **  Variation  of  t}ie  De 
elination.'* 
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PLACB. 

LATrrUBB. 

LoirarniDB. 

DATES.        •"'""*" 
MOTION. 

JBurliBgton,  Vt. 

440  27' 

730  10' 

1811...1834.   4'.4 

Chesterfield,  N.  H. 
Deerfield,  Mafls. 
Cambridge,  Mass. 

420  63' 

72°  20' 

1820...1886 

6'.4 

42^  84' 

72°  29' 

1811...1837 

5'.7 

420  22' 

71°    7 

1810...1840 

3'.4 

l^ew-Haven,  Conn. 

41<=>  18' 

72°  68' 

1819...1840 

4'.6 

Keeseville,  N.  T. 

44^28' 

73°  82' 

1825...1888 

6'.4    , 

Albany,  N.  Y. 

420  89' 

73°  45' 

1818...1842 

8'.6 

a 

u 

(( 

1842.. .1864 

4'.9 

Troy,  N.  T. 

42°  44' 

730  40' 

1821...1887 

6'.2 

Schenectady,  N.  T. 

42°  49' 

730  65' 

1829...1841 

7'.2 

u 

(( 

U 

1841...1864 

6'.0 

New-York  City. 

40°  43' 

740  01' 

1824...1837 

3'.7 

Philadelphia. 

390  67' 

75°  11' 

1813...1887 

8'.6 

Milledgeville,  Ga. 

330    7' 

83°  20' 

1806...1885 

1'.7 

Mobile,  Ala. 

8O0  40' 

880  11' 

1809...1835 

2'.2 

Cleveland,  0. 

41°  80' 

810  46' 

1826...1888 

4'.5 

Marietta,  0. 

S9^  25' 

81°  26' 

1810...1888 

2',4 

Cincinnati,  0. 

89°    6' 

84°  27' 

1825...1840 

2'.0 

Detroit,  Mich. 

420  24' 

82°  58 

1822...1840 

4'.3 

Alton,  HI. 

380  52' 

90O  12' 

1885...1840    8'.0 

From  these  and  other  observations  it  appears  that  at  present  the 
lines  of  equal  variation  are  moving  Westward,  producing  an  annual 
ohango  of  variation  (increasing  the  Westerly  and  lessening  the 
Easterly)  which  is  different  in  different  parts  of  the  country,  and 
is  about  five  or  six  minutes  in  the  North-Eastem  States,  three  or 
four  minutes  in  the  Middle  States,  and  two  mmutes  in  the  Southern 
States. 


(S18)   Determtaation  of  the  change,  by  Interpolatfon.    To 

determine  the  change  at  any  place  and  for  any  interval  not  found 
in  the  recorded  observations,  an  approximation,  sufficient  for  most 
purposes  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
simple  proportion)  between  the  places  given  in  the  Tables,  assum- 
ing the  movements  to  have  been  uniform  between  the  given  dates ; 
and  also  assuming  the  change  at  any  place  not  found  in  the  Tables^ 
to  have  been  intermediate  between  those  of  the  lines  of  equal  varia* 
tion,  which  pass  through  the  places  of  recorded  observations  on 
each  side  of  it,  and  to  have  been  in  the  ratio  of  its  respective  diS' 
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tanoes  from  those  two  lines ;  for  example,  taking  their  arithmetical 
mean,  if  the  required  place  is  midway  between  them;  if  it  be  twice 
as  near  one  as  the  other,  dividing  the  sum  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  the  other,  by  three ;  and 
BO  in  other  cases ;  i.  e.  giving  the  change  at  each  place,  a  ^^  weight '' 
inversely  as  its  distance  from  the  place  at  which  the  change  is  to 
be  found. 

(S19)  Determlnatioii  of  the  chang^e,  by  old  lines*  When 
the  former  Bearing  of  any  old  line,  such  as  a  farm-fence,  &c.  is 
recorded,  the  change  in  the  Variation  from  the  date  of  the  originai 
observation  to  the  present  time  can  be  at  once  found  by  setting  the 
compass  at  one  end  of  the  line  and  sighting  to  the  other.  The 
difference  of  the  two  Bearings  is  the  required  change. 

If  one  end  of  the  old  line  cannot  be  seen  from  the  other,  as  is 
often  the  case  when  the  line  is  fixed  only  by  a  "comer"  at  each 
end  of  it,  proceed  thus.  Run  a  line  from  one  comer  with  the  old 
Bearing  and  with  its  distance.  Measure  the  distance  from  the  end 
of  this  line  to  the  other  comer,  to  which  it  will  be  opposite.  Mul- 
tiply this  distance  by  57.3,  and  divide  by  the  length  of  the  line. 
The  quotient  will  be  the  change  of  variation  in  degrees.* 

For  example,  a  line  63  chains  long,  in  1827  had  a  Bearing  of 
North  1^  East.  In  1847  a  trial  line  was  run  from  one  end  of  the 
former  line  with  the  same  Bearing  and  distance,  and  its  other  end 
was  found  to  be  125  links  to  the  West  of  the  trae  comer.    The 

change  of  Variaty^n  was  therefore  -^ — ^ — '—  =:  1^.187  ==:  1^  8' 
Westerly. 

*  Let  AB  be  the  original  line ;  AG  the  trial  line.  Fig.  208. 

■nd  BO  the  distance  between  their  eztremitiet. 
AB  and  AC  may  be  regarded  as  radii  of  a  circle 
and  BC  as  a  chord  of  the  arc  which  snbtends  their 
anffle.  Assuming  the  chord  and  arc  to  coincide 
(which  they  will,  nearly,  for  small  angles)  we 
have  this  proportion  ;  Whole  circamference  :  arc 
BO  ::  360O  :  BAO  :  or,  2  X  AC  X  31416  :  BO 

BO 

t  K0»  :  BAO,  whence  BAO  mmZ^  X  57.3 ;  or  more  precisely  )7.2057t. 

AB 
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(S20)  Eftcts  of  the  Secular  ehanget  These  are  ezceedin^y 
important  in  the  re-survej  of  farms 
by  the  Bearings  recorded  in  old 
deeds.  Let  SN  denote  the  direc- 
tion of  the  needle  at  the  time  of 
Che  original  Smrey,  and  S^'  its 
direction  at  the  tone  of  the  re-sor- 
rejj  a  number  of  years  later* 
Snppose  the  change  to  have  been 
8^,  the  needle  pointing  so  much 
fiirther  to  the  west  of  North.  The 
line  SN,  which  before  was  due 
'SotQx  and  South  by  the  needle 
will  now  bear  N.  8*  E.  and  S.  8^  W ;  the  line  AB,  which  before 
was  N.  40''  E.  will  now  bear  N.  48""  E ;  the  line  DF  which  before 
was  N.  40**  W.  will  now  bear  N.  87**  W;  and  the  line  WE,  which 
before  was  due  East  and  West,  will  now  bear  S.  87°  E.  and  N. 
87®  W.  Any  line  is  similarly  changed.  The  proof  of  this  is  appar 
rent  on  inspecting  tiie  figure. 

Suppose  now  that  a  surveyor,  ignorant  or  neglectful  of  this 
change,  should  attempt  to  run  out  a 
£uin  by  the  old  Bearings  of  the 
deed,  none  of  the  old  fences  or  cor* 
ners  hemaining.  The  full  lines  in 
the  figure  represent  the  original 
bounds  of  the  farm,  and  the  dotted 
lines  those  of  the  new  piece  of  land 
which,  starting  from  A,  he  would 
unwittingly  run  out.  It  wodd  be  of 
the  same  sise  and  the  same  shape  as 
the  true  one,  but  it  would  be  in  the 
wrong  place.  None  of  its  lines 
would  agree  with  the  true  ones,  and 
in  some  places  it  would  encroach  on 
one  neighbor,  and  in  other  places 
would  leave  a  gore  which  belongs  to  it,  between  itself  and  anotiber 
neighbor.  Yet  this  is  often  done,  and  is  the  source  of  a  groat  part 
of  the  litigation  amonj^  farmers  respecting  their  "  lines/' 
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(821)  To  ran  ost  oM  lines.  To  succeed  iu  retracing  old 
lines,  proper  allowance  must  be  made  for  the  change  in  the  varia* 
tion  since  the  date  of  the  original  survey.  That  date  must  first 
be  accurately  ascertained ;  for  th^  survey  may  be  much  older  than 
the  deed,  into  which  its  bearings  may  have  been  copied  from  an 
older  one.  G^ie  amount  and  direction  of  the  change  is  then  to  be 
ascertained  by  the  methods  of  Arts.  (818)  or  (819).  The  bear* 
ings  may  then  be  corrected  by  the  following  Rules. 

When  the  North  end  of  the  needle  has  been  moving  Westerly, 
(as  it  has  for  about  forty  years),  the  present  Bearings  will  be  the 
9vm9  of  the  change  and  the  old  Bearings  which  were  North-East- 
erly  or  South-Westerly,  and  the  differences  of  the  change  and 
the  old  Bearings  which  were  North-Westerly  or  South-Easterly. 

If  the  change  have  been  Easterly^  reverse  the  preceding  rules, 
subtracting  where  it  is  directed  to  add,  and  adding  where  it  is 
directed  to  subtract. 

Bun  out  the  lines  with  the  Bearings  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  (311)  The  rules  there  given  in  more  detail,  may 
therefore  be  used;  Rule  1,  "  when  the  Variation  is  West,"  being 
employed  when  the  change  has  been  a  movement  of  the  N.  end 
of  the  needle  to  the  East ;  and  Rule  2,  ^^  when  the  Variation  is 
East,"  being  employed  when  the  N.  end  of  the  needle  has  been 
moving  to  the  West. 

If  the  compass  has  a  Vernier,  it  can  be  set  for  the  chq^nge,  once 
for  all,  precisely  as  directed  in  Art.  (312),  and  then  the  courses 
can  be  run  out  as  given  in  the  deed,  the  correction  being  made  by 
tiie  instrument. 

(322)  Examplet  The  following  is  a  remarkable  case  which 
recently  came  before  the  Supreme  Court  of  New-York.  The 
North  line  of  a  large  Estate  was  fixed  by  a  royal  grant,  dated  ir 
1704,  as  a  due  East  and  West  line.  It  was  run  out  in  1715, 
by  a  surveyor,  whom  we  will  call  Mr.  A.  It  was  again  surveyed 
m  1766,  by  Mr.  B.  who  ran  a  course  N.  87**  80'  E.  It  was  run 
out  for  a  tiiird  time  in  1789,  by  Mr.  C.  who  adopted  the  course 
N.  86°  18'  E.    In  1845  it  was  surveyed  for  the  fourth  time  by 
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Mr.  D.  with  a  course  of  N.  88*  30'  E.  He  found  old  "  comers/^ 
and  ^^  blazes"  of  a  former  survey,  on  his  line.  They  are  also  found 
on  another  line,  South  of  his.  Which  of  the  preceding  courses 
were  correct,  and  where  does  the  true  line  lie  ? 

The  question  was  investigated  as  follows.  There  were  no  old 
records  of  variation  at  the  precise  locality,  but  it  lies  between  the 
lines  of  equal  variation  which  pass  through  New-York  and  Boston, 
its  distance  from  the  Boston  line  being  about  twice  its  distance  &om 
the  New-York  line.  The  records  of  those  two  cities  (referred  to 
in  Art.  (817))  could  therefore  be  used  in  the  manner  explained 
in  Art.  (818).  For  the  later  dates,  observations  at  New-Haven 
could  serve  as  a  check.  Combining  all  these,  the  author  inferred 
the  variation  at  the  desired  place  to  have  been  as  follows : 
In  1715,  Variation  8°  02'  West. 

In  1765,        "       6o  32'     "  Decrease  since  1715,  2^  SO'. 

In  1789,        "       50  05'     "  Decrease  since  1765,  0^  27 

In  1845,        "       70  28'     «  Increase  since  1789,  2^  18'. 

We  are  now  prepared  to  examine  the  correctness  of  the  allowances 
made  by  the  old  surveyors. 

The  course  run  by  Mr.  B.  in  1765,  N.  87^  30'  E.  made  an 
allowance  of  2^  30'  as  the  decrease  of  variation,  agreeing  precisely 
witii  our  calculation.  The  course  of  Mr.  C.  in  1789,  N.  8Q^  18' 
E.,  allowed  a  change  of  1°  12',  which  was  wrong  by  our  calcula- 
tion, which  ^vos  only  about  27',  and  was  deduced  from  three  dif^ 
ferent  records.  Mr.  D.  in  1845,  ran  a  course  of  N.  88^  30'  E, 
calling  the  increase  of  variation  since  1789, 2^  12'.  Our  estimate 
was  2P  1S\  the  difference  being  comparatively  small.  Our  con- 
clusion then  is  this :  the  second  surveyor  retraced  correctly  the  line 
of  tiie  first :  the  third  surveyor  ran  out  a  new  and  incorrect  line :  and 
the  fourth  surveyor  correctiy  retraced  the  line  of  the  third,  and  found 
his  marks,  but  this  line  was  yrrong  originally  and  therefore  wrong 
now.  All  the  surveyors  ran  their  lines  on  the  supposition  that  the 
original  ^^  due  East  and  West  line  "  meant  East  and  West  as  the 
needle  pointed  at  the  time  of  the  original  survey. 

The  preponderance  of  the  testimony  as  to  old  land  marks  agreed 
with  the  results  of  the  above  reasoning,  and  the  decision  of  tbt 
eourt  was  in  accordance  therewith. 

14 
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Fig.  211 


In  {he  above  figure  the  horizontal  and  vertical  lines  represent 
true  East  and  North  lines ;  and  the  two  upper  lines  running  from  left 
to  right  represent  the  two  lines  set  out  bj  the  surveyors  and  in  the 
years,  there  named. 

(S23)  Remedy  for  the  evils  of  the  Secular  ehangfe.     The 

onlj  complete  remedy  for  the  disputes,  and  the  uncertainty  of 
bounds,  resulting  from  the  continued  change  in  the  variation,  is 
this.  Let  a  Meridian,  i.  e.  a  true  North  and  South  line,  be  estab« 
lished  in  every  town  or  county,  by  the  authority  of  the  State ; 
monuments,  such  as  stones  set  deep  in  the  ground,  being  placed  at 
each  end  of  it.  Let  every  surveyor  be  obliged  by  law  to  test  his 
compass  by  this  line,  at  least  once  in  each  year.  This  he  could 
do  as  easily  as  in  taking  the  Bearing  of  a  fence,  by  setting  his 
instrument  on  one  monument,  and  sighting  to  a  staff  held  on  the  other. 
Let  the  variation  thus  ascertained  be  inserted  in  the  notes  of  the 
survey  and  recorded  in  the  deed.  Another  surveyor,  years  or 
centuries  afterwards,  could  test  his  compass  by  taking  the  Bearing 
of  the  same  monuments,  and  the  difference  between  this  and  the 
former  Bearing  would  be  the  change  of  variation.  He  could  thus 
detemune  with  entire  certainty  the  proper  allowance  to  be  made 
(as  in  Art.  (321))  in  order  to  retrace  the  original  line,  no  m&tter 
how  much,  or  how  irregularly,  the  variation  may  have  changed,  or 
how  badly  adjusted  was  the  compass  of  the  original  survey.  Any 
permanent  line  employed  in  the  same  manner  as  the  meridian  line, 
would  answer  the  same  purpose,  though  less  convenientiy,  and  every 
surveyor  should  have  such  a  line  at  least,  for  his  own  use.* 

*  fhis  remedy  seems  to  have  been  first  snggested  by  Rittenbouse.  It  has  since 
been  recommended  by  T.  Sopwith,  in  1822;  by  B.  F.  Johnson,  in  1831,  and  by. 
W,  Ruberte,  of  Troy,  in  1839.  The  errors  of  n^-surveys,  in  which  the  change 
is  neglected,  were  noticed  in  the  **  Philosophical  Transactions, '  oh  long  ago  as  lfST9 
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TRANSIT  AND  THEODOLITE  SURVEYING! 


By  the  Third  Method. 


CHAPTER  L 


THE  INSTRUMENTS. 

(S24)  Thb  Transit  and  The  Theodolitb  (figures  of  which  are 
{^en  on  the  next  two  pages)  are  O-aniometerSj  or  Angle-Measurers. 
Each  consists,  essentially,  of  a  circular  plate  of  metal,  supported  in 
inch  a  manner  as  to  be  horizontal,  and  divided  on  its  outer  circum- 
ference into  degrees,  and  parts  of  degrees  Through  the  centre  of 
ihia  plate  passes  an  upright  axis,  and  on  it  is  fixed  a  second  circu- 
juc  plate,  which  nearly  touches  the  first  plate,  and  can  turn  freely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
Telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
{date,  and  which  can  be  pointed  upwards  and  downwards.  By 
the  combination  of  this  motion  and  that  of  the  second  plate  around 
its  axis,  the  Telescope  can  be  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  such  as  an  arrow-head,  which 
serres  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  clock.  When  the  Telescope  is  directed  to  one  object,  and  then 
turned  to  the  right  or  to  the  left,  to  some  other  object,  this  index, 
which  moves  with  it  and  passes  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direo* 
tion,  and  thus  measures  the  angle  made  by  the  lines  imagbed  te 
pass  from  the  centre  of  the  instrument  to  the  two  objects. 
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THE  TRANSIT. 


TbB  lutnaeits. 
THE  THEODOLITE. 

Fig.  S13 
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(SS5)  DistlBCtloil.  The  preceding  description  applies  to  both 
the  Transit  and  the  Theodolite.  But  an  essential  diflference 
between  them  is,  that  in  the  Transit  the  Telescope  can  turn  com 
pletely  over,  so  as  to  look  both  forward  and  backward,  while  in 
the  Theodolite  it  cannot  do  so.    Hence  the  name  of  the  Transit* 

This  capability  of  reversal  enables  a  stnught  line  to  be  prolonged 
from  one  end  of  it,  or  to  be  ranged  out  in  both  directions  from  an; 
one  point.  The  Telescope  of  the  Theodolite  can  indeed  be  taken 
out  of  the  Y  shaped  supports  in  which  it  rests,  and  be  replaced 
end  for  end,  but  this  operation  is  an  imperfect  substitute  for  the 
revolution  of  the  Telescope  of  the  Transit.  So  also  is  the  turning 
half  way  around  of  the  upper  plate  which  carries  the  Telescope. 

The  TheodoUte  has  a  level  attached  to  its  Telescope,  and  a  vertical 
circle  for  measuring  vertical  angles.  The  Transit  does  not  usually 
have  these,  though  they  are  sometimes  added  to  it.  The  instru- 
ment msjT  then  be  named  a  Transit-Theodolite.  It  then  corre- 
sponds to  the  altitude  and  azimuth  instrument  of  Astronomy.  As 
the  greater  part  of  the  points  to  be  explidned  are  common  to  both 
the  Transit  and  the  Theodolite,  the  descriptions  to  be  given  may 
be  regarded  aa  applicable  to  either  of  the  instruments,  except  when 
the  contrary  is  expressly  stated,  and  some  point  peculiar  to  either 
is  noticed. 

(326)  The  great  value  of  these  instruments,  and  the  accuracy 
of  their  measurements  of  angles  are  due  cluefly  to  two  things ;  to 
the  Telescopej  by  which  great  precision  in  sighting  to  a  point  is 
obtained ;  and  to  the  Vender  Scalsy  which  enables  minute  portions 
of  any  arc  to  be  read  with  ease  and  correctness.  The  fonner 
assists  the  eye  in  directing  the  line  of  sight,  and  the  latter  aids  it 
in  reading  off  the  results.  Arrangements  for  giving  slow  and 
steady  motion  to  the  movable  parts  of  the  instruments  add  to  the 
value  of  the  above.  A  contrivance  for  Mepeating  the  observation 
of  angles  still  farther  lessens  the  unavoidable  inaccuracies  of 
these  observations. 

•  li  u  sometimes  called  the  «  Engineers'  Transit,"  or  "Railroad  Tranaitt"  (o 
distinguish  it  from  the  Astronomical  Transit-instrument  In  this  country  it  has 
almost  entirely  supplanted  the  Theodolite. 
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The  inaccarate  division  of  the  limb  of  the  instrument  is  also 
averaged  and  thus  diminished  by  the  last  arrangement.  Its  want 
of  true  ^'  centring,"  is  remedied  bj  reading  off  on  opposite  sides 
of  the  circle. 

Imperfections  m  the  parallelism  and  perpendicularity  of  the  parts 
of  the  iDstrument  in  whi'^.h  those  qualities  are  required,  are  cor- 
rected by  various  ^^  adjustments,"  made  by  the  various  screivs 
whose  heads  appear  in  the  engravings. 

The  arrangements  for  attaining  all  these  objects  render  necessary 
the  numerous  parts  and  apparent  complication  of  the  instrument. 
But  this  complication  disappears  when  each  part  is  examined  in 
turn,  and  its  uses  and  relations  to  the  rest  are  distinctly  indicated. 
This  we  now  propose  to  do,  after  explaining  the  engravings. 

(827)  In  the  figures  of  the  instruments,  given  on  pages  212  and 
213,  the  same  letters  refer  to  both  figures,  so  far  as  the  parts  are 
common  to  both.*  L  is  the  limb  or  divided  circle.  Y  is  the 
index,  or  "  Vernier,"  which  moves  around  it.  In  the  Transit,  only 
a  small  portion  of  the  divided  limb  ia  seen,  the  upper  circle  (which 
in  it  is  the  movable  one)  covering  it  completely,  so  that  only  a 
short  piece  of  the  arc  is  visible  through  an  openmg  in  the  upper 
plate.  S,  S,  a^  standards,  fastened  to  the  upper  plate  and  sup- 
porting the  telescope,  EO.  G  is  a  compass-box,  also  fastened  to 
the  upper  plate,  c  is  a  clamp-screw,  which  presses  together  the  two 
plates,  and  prevents  one  from  moving  over  the  other,  t  is  a  tangent- 
screw,  or  slow-motion  screw,  which  gives  a  slow  and  gentle  motion 
to  one  plate  over  the  other.  C  is  a  clamp-screw  which  fastens  the 
lower  plate  to  the  body  of  the  instrument,  and  thus  prevents  it  from 
moving  on  its  own  axis.  T  is  the  tangent-screw  to  give  this  part  a 
slow-motion.  P  and  P'  are  parallel  plates  through  which  pass  four 
screws,  Q,  Q,  Q,  Q,    by  which  the  circular  plate  L  is  made  leveL 

*  The  arrangements  of  these  instrnments  are  differently  made  by  almost  every 
maker;  bat  any  form  of  them  being  thoroughly  nnderstood,  any  new  one  wiu 
cause  no  difficulty.  The  figure  of  the  Transit  was  drawn  from  one  made  by  W« 
Jk  L.  B.  Qarle^,  of  Troj,  N.  Y.  to  the  latter  of  whom  the  Author  is  indebted  foi 
■oroe  Taluable  information  respecting  the  details  of  the  instrument.  The  Tbeodo 
6l9  is  of  the  favorite  Bnglish  form. 
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as  determined  by  the  bubbles  in  the  small  spirit  levels,  B,  B,  of 
which  there  are  two  at  right  angles  to  each  other. 

In  the  figure  of  the  TheodoUte,  the  large  level  b,  and  the  Bemi< 
circle  NN  are  for  the  purposes  of  Levelling,  and  of  meaaurinft 
Vertical  angles.     They  will  therefore  not  be  described  in  this  placo. 

(328)  As  the  value  of  efUier  of  these  instruments  depends 
greatly  on  the  accurate  fitting  and  bearings  of  the  two  concentric 
vertical  axes,  aad  as  their  connection  ought  to  be  thoroughly  under- 
stood,  a  vertical  section  through  the  body  of  the  instrument  ia 
given  in  Fig.  214,  to  half  the  real  size.  The  tapering  sfondle  or 
Fw,aM. 


mverted  frustum  of  a  cone,  marked  AA,  supports  the  upper  plate 
BB,  which  carries  the  index,  or  Verniers,  V,  V,  and  the  Telescope. 
The  whole  bearing  of  this  plate  is  at  C,  C,  on  the  top  of  the  hollow 
inverted  cone  EE,  in  which  the  spindle  turns  freely,  but  steadily. 
This  interior  position  of  the  bearings  preserves  them  from  dost 
and  injury.  This  hollow  cone  carries  the  lower  or  graduated  plate, 
and  it  can  itself  tym  around  on  the  bearings  D,  D,  carrjring  with  it 
the  lower  circle,  and  also  the  upper  one  and  all  above  it. 

The  Vernier  scales  V,  V,  are  attached  to  the  upper  plate,  but 
lie  in  the  same  plane  as  the  divi»ons  L,  L,  of  the  lower  plate,  (so 
that  the  two  can  be  viewed  together,  without  parallax,)  and  are 
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eorered  with  ^ass,  to  exclude  duet  and  moisture.  In 
tiie  figure  the  hatchinga  are  drawn  in  different  directions 
on  the  parts  irtuch  more  yn^  the  Yemier,  and  on 
tboBe  which  move  ovlj  with  the  limb. 

(329)  Tke  Telescope.  This  is  a  combination  of 
lenses,  placed  in  a  tube,  and  so  arranged,  in  accordance 
with  the  laws  of  optical  science,  that  an  image  of  any 
object  to  which  the  Telescope  may  be  directed,  is  formed 
within  the  tube,  (hj  the  rays  of  light '  connng  from 
the  object  and  bent  in  passbg  through  the  objectrglass) 
and  there  magnified  by  an  Eye-glass,  or  Eye-piece,  com- 
posed of  several  lenses.  The  arrangement  of  these  lenses 
are  very  vaiious.  Those  two  combinations  which  are  pre- 
ferred for  Borveying  instruments,  will  be  here  explained. 

fig.  215  represents  a  Telescope  which  inverts  objects. 
Any  object  is  rendered  viMble  by  every  point  of  it  send- 
ing forth  rays  of  light  in  every  direction.  In  this  figure, 
the  highest  and  lowest  points  <^  the  object,  which  here  is 
an  arrow,  A,  are  alone  considered.  Those  of  the  rays 
proceeding  from  them,  which  moet  the  object-glass,  0, 
fonn  a  cone.  The  centre  line  of  eachcono,  and  its  ex- 
treme upper  and  lowor  lines  are  alone  shown  in  the 
figure.  It  will  be  seen  that  these  rays,  after  passing 
through  the  object-glass,  are  refracted,  or  bent,  by  it, 
BO  as  to  cross  one  another,  and  thus  to  fonn  at  B  an 
inverted  image  of  the  object.  This  would  be  rendered 
visible,  if  a  piece  of  ground  glass,  or  other  semi-transpa- 
rent  substance,  was  placed  at  the  pcdnt  B,  which  is  called 
the/offu«  of  the  object-glass.  The  rays  wHch  form  this 
image  continue  onward  and  pass  through  the  two  lenses 
C  and  B,  which  act  like  one  magnifying  glass,  so  that 
the  rays,  after  being  refracted  by  them,  enter  the  eye 
at  such  angles  aa  to  form  there  a  magnified  and  invert- 
ed image  of  the  object.  Tins  combination  of  the  two 
{dano-convez  lenses,  C  and  B,  is  known  aa  "  Bamsden's 
Ey>pece." 
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This  Telescope,  inverting  objects,  shows  them  upside 
down,  and  the  right  side  on  the  left.  Thej  can  be 
shown  erect  hj  adding  one  or  two  more  lenses  as  in  the 
marginal  figure.  But  as  these  lenses  absorb  light  and  les- 
sen the  distinctness  of  vision,  the  former  arrangement  is 
preferable  for  the  glasses  of  a  Transit  or  a  Theodolite. 
A  little  practice  makes  it  equallj  convenient  for  the 
observer,  who  soon  becomes  accustomed  to  seeing  his 
flagmen  standing  on  their  heads,  and  soon  learns  to 
motion  them  to  the  right  when  he  wishes  them  to  go  to 
the  left,  and  viee  versa. 

figure  216  represents  a  Telescope  which  shows  ob- 
jects erect.  Its  eye-piece  has  four  lenses.  The  eye- 
piece of  the  common  terrestrial  Telescope,  or  spy-glass, 
has  three.  Many  other  combinations  may  be  used,  all 
intended  to  show  the  object  achromatically,  or  free  &om 
false  coloring,  but  the  one  here  shown  is  that  most  gene- 
rally preferred  at  the  present  day.  It  will  be  seen  that 
an  inverted  image  of  the  object  A,  ia  formed  at  B,  as 
before,  but  that  the  rays  continuing  onward  are  so 
re&acted  in  passing  through  the  lens  G  as  to  again 
cross,  and  thus,  after  farther  refraction  by  the  lenses  D 
and  E,  to  form,  at  F,  an  erect  image,  which  is  magni- 
fied by  the  lens  G-. 

In  both  these  figures,  the  limits  of  the  page  render 
it  necessary  to  draw  the  angles  of  the  rays  very  much 
out  of  proportion. 

(880)  Cross-hairs*  Since  a  considerable  field  of 
view  is  seen  in  looldng  through  the  Telescope,  it  is 
necessary  to  provide  means  for  directing  the  line  of  sight 
to  the  precise  pomt  which  is  to  be  observed.  This 
oould  be  effected  by  placing  a  very  fine  point,  such  as 
that  of  a  needle,  witlun  the  Telescope,  at  some  place 
where  it  could  be  distinctiy  seen.  In  practice  this  fine 
point  is  obtained  by  the  intersection  of  two  very  fine 
lines,  placed  in  the  common  foeucot  the  object-glass  and 


Fig.  216 
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ot  the  e^e-piece.  Iliese  lines  are  ealled  the  croat-hairB,  or  eroit- 
wim.  Their  intersectioD  can  be  seen  through  the  eye-piece,  at 
the  same  time,  uxl  apparently  at  the  same  place,  as  the  image  of  the 
distant  object.  The  magoifjring  powers  of  the  eye-pece  will  then  de- 
tect the  eUghtest  deviation  from  perfect  coincidence.  "  This  applica- 
tion of  the  Telescope  may  be  considered  as  completely  annihilat- 
ing ^t  part  of  the  error  of  observation  vhich  might  otherwise 
arise  from  an  erroaeons  eeiimation  of  tlie  direction  in  which  an 
object  lies  from  the  observer's  eye,  or  from  tlie  centre  of  the  instro- 
ment.  It  is,  in  fact,  the  grand  source  of  all  the  precision  of  modem 
Astronomy,  withoat  which  all  other  refinements  in  instrumental  work 
mansbip  would  be  tJirown  away."  What  Sir  John  Herachel  here 
says  of  its  utility  to  Astronomy,  is  equally  applicable  to  Surveying. 

The  ima^nary  line  which  passes  through  the  intersection  of  tht 
cro8»4ifuia  and  the  optical  centre  of  the  object>glass,  is  called  the 
Une  of  eoUimcUion  of  the  Telescope.* 

The  croBs-hairs  are  attached  to  a  ring,  or  short  thick  tube  of 
brass,  placed  within  the  Tele-  p;g_  217. 

scope  tube,  through  holes  in 
which  pass  loosely  four  screws, 
(their  heads  being  seen  at  a, 
a,  a,  in  Figs.  212  and  213), 
whose  threads  enter  and  take 
hold  of  the  ring,  behind  or  in 
front  of  tiie  crosshairs,  as 
shown  (in  front  view  and  in 
section)  in  the  two  figures  in 
me  margin.     Their  movoments  will  be  explained  in  Chapter  HI. 

Usually,  one  croasJiiur  is  horizontal,  and  ths        ^-    ^n 
other  vertical,  as  in  Rg.  217,  but  sometimes  they 
are  arranged  as  in  fig.  218,  which  is  thought  to 
enable  the  object  to  be  bisected  with  more  preci-  { 
■i<Hi.     A  horizontal  hair  is  sometimes  added. 

The  cross-hairs  are  best  made  of  platanom  wire, 
drawn  out  very  fine  by  being  previously  enclosed 

*  From  tbe  Lado  vrord  CoOrmc,  or  CoHaua,  meaning  to  direct  odb  thinK  (a 
wmrdi  ■DOtber  ID  m  atraight  line,  or  to  aim  bL    Tb«  Um  e/"  omi  woold  ezpreM  tba 


■4- 
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in  a  larger  wire  of  silver,  and  the  silver  then  removed  by  nitric 
acid.  Silk  threads  from  a  tocoon  are  sometimes  used.  Spiders' 
threads  are,  however,  the  most  usual.  If  a  cross-hair  is  broken, 
the  ring  must  be  taken  cut  bj  removing  two  opposite  screws,  and 
inserting  a  wire  with  a  screw  cut  on  its  end,  or  a  stick  of  suitable 
size,  into  one  of  the  holes  thus  left  open  in  the  ring,  it  being  turned 
sidewajB  for  that  purpose,  and  then  removing  the  other  serews  • 
The  npider^B  threads  are  tiien  stretched  across  the  notches  seen  b 
the  end  of  the  ring,  and  are  fastened  by  gum,  or  varnish,  or  bees- 
wax. The  operation  is  a  very  delicate  one.  The  following  plan  has 
been  employed.  A  piece  of  wire  is  bent,  as  in  the  figure,  so  as  to 
leave  an  opemng  a  littie  wider  than  the  i^«^.  219. 

ring  of  the  cross-hairs.  A  cobweb  is  cho-  c^ss-f"  KAAAA/ 
sen,  at  tiie  end  of  which  a  spider  is  hang-  ^  IVVVVVI 
ing,  and  it  is  wound  around  the  bent  wire, 
as  in  the  figure,  the  weight  of  the  insect 
keeping  it  tight  and  stretching  it  ready  for  use,  each  part  being 
made  fast  by  gum,  &c.  When  a  cross-hair  is  wanted,  one  of 
these  is  laid  across  the  ring  and  there  attached.  Another  method 
is  to  draw  the  thread  out  of  the  spider,  persuading  him  to  spia,  if 
he  sulks,  by  tossing  him  from  hand  to  hand.  A  stock  of  such 
threads  must  be  obtained  in  warm  weather  for  the  winter's  wants. 
A  piece  of  thin  glass,  with  a  horizontal  and  a  vertical  line  etched 
on  it,  may  be  made  a  substitute. 

(881)  Instrumental  Parallax.  This  is  an  apparent  movemeni 
of  the  cross-hairs  about  the  object  to  which  the  line  of  sight  is 
directed,  taking  place  on  any  slight  movement  of  the  eye  of  the 
observer.  It  is  caused  by  the  image  and  the  crosa-hairs  not  being 
precisely  in  the  common  focus,  or  point  of  distinct  vision  of  the 
eye-pece  and  the  object  glaas.  To  correct  it,  move  the  eye*piece 
out  or  in  till  the  cross4iairs  are  seen  clearly  and  sharply  defined 
against  any  white  object.  Then  move  the  object  glass  in  or  out 
till  the  object  is  also  distinctly  seen.  The  cro6s4iairs  will  then 
seem  to  be  fixed  to  the  object,  and  no  movement  of  the  eye  wiU 
eause  them  to  appear  to  change  their  place. 
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(S32)  The  milled-headed  screw  seen  at  M,  passing  into  iihe  tele 
scope  has  a  pinion  at  its  other  end  entering  a        Fig.  220. 
toothed  rack,  and  is  nsed  to  move  the  object  glass,  ^'wv^^yjArvW 
0,  out  and  in,  according  as  the  object  looked  at  is  %a^ 

nearer  or  further  than  the  one  last  observed.    Short  distances 
Teqnire  a  long  tabe :  long  distances  a  short  tube. 

The  eye-piece,  E,  is  usually  moved  in  and  out  by  hand,  but  a 
nnular  arrangement  to  the  precedmg  is  a  great  improvement  This 
movement  is  necessary  in  order  to  obtain  a  distinct  view  of  the 
eross-hws.  Shortsighted  persons  require  the  eye-piece  to  be 
pushed  farther  in  than  persons  of  ordinary  sight,  and  old  or  long 
m^ted  persons  to  have  it  drawn  further  out. 

(8S8)  Supports.  The  Telescope  of  the  Transit  is  supported 
by  a  hollow  axis  at  right  angles  to  it,  which  itself  rests  at  each  end, 
on  two  upright  pieces,  or  standards,  spreading  at  their  bases  so  aa 
to  increase  their  stability.  In  the  Theodolite^  the  tolescope  rests 
at  each  end  in  forked  supports,  called  Y^i  from  their  shape. 
These  Y^  ^^  themselves  supportod  by  a  cross-bar,  which  is  car- 
ried by  an  axis  at  right  angles  to  it  and  to  the  tolescope.  This 
axis  rests  on  standards  similar  to  those  of  the  Traosit  The  Tele- 
scope of  the  Theodolite  can  be  taken  out  of  the  Ys,  and  tamed 
^^  end  for  end."  This  is  not  usual  in  the  Transit.  Either  of  the 
above  arrangements  enables  the  Telescope  to  be  raised  or  depressed 
so  as  to  suit  the  height  of  the  object  to  which  it  is  directed.  A 
telescope  so  disposed  is  called  a  ^^  plunging  telescope." 

In  some  instrmnents  there  is  an  arrangement  for  rai«ng  or  low- 
ering one  end  of  the  axis.  This  is  sometimes  required  for  reasons 
to  be  ^ven  in  connection  irith  '^  Adjustments." 

(SSI)  The  Iniexes*  The  supports,  or  standards,  of  the  telescope 
just  described  are  attached  to  the  upper,  or  index-carrying  circle.* 
This,  as  has  been  stated,  can  turn  freely  on  the  lower  or  graduated 
circle,  by  means  of  its  conical  axis  moving  in  the  hollow  conical 
axis  of  the  latter  circle.    This  upper  cirde  carries  the  index,  Y, 

*  In  iom«  inttraments  this  circle  is  the  under  one.    la  oar  figaret  it  ii  the  uppet 
MM,  and  we  will  therefore  alwaji  speak  of  it  as  sach. 
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which  is  an  arrow-head  or  other  mark  on  its  edge,  or  the  zero-point  of 
a  Yemier  scale.  There  are  usually  two  of  these,  situated  exactly 
opposite  to  each  other,  or  at  the  extremities  of  a  diameter  of  the 
upper  circle,  so  that  the  readings  on  the  graduated  circle  pointed  out 
by  them  differ,  if  both  are  correct,  exactly  180^.  The  object  of  this 
arrangement  is  to  correct  any  error  of  eecentridty^  arising  from  the 
centre  of  the  axis  which  carries  the  upper  circle,  (and  with  which  it 
and  its  index  pointers  turn),  not  being  precisely  in  the  centre  of  the 
graduated  circle.    In  the  figure,  let  C  f'ig-  ^i 

be  the  true  centre  of  the  graduated  cir- 
cle, but  C  the  centre  on  which  the  plate 
carrying  the  indexes  turns.  LetAG^ 
represent  the  direction  of  a  sight  taken 
to  one  object,  and  WQ'W  the  direction 
when  turned  to  a  second  object.  The 
angle  subtended  by  the  two  objects  at 
the  centre  of  the  instrument  is  requir- 
ed. Let  DE  be  a  Ime  passing  through  C,  and  parallel  to  D^^ 
The  angle  AGD  equals  the  required  angle,  which  is  therefore  truly 
measured  by  the  arc  AD  or  BE.  But  if  the  arc  dhown  by  the 
index  is  read,  it  will  be  AD'  on  one  side,  and  BE'  on  the  other ; 
the  first  bemg  too  small  by  the  arc  DD'  and  the  other  too  large  by 
the  equal  arc  EE'.  If  however  the  half-sum  of  the  two  arcs  AD' 
and  BE'  be  taken,  it  will  equal  the  true  arc,  ahd  therefore  correctly 
measure  the  angle.  Thus  if  AD'  was  19°,  and  BE'  21°,  their 
half  sum,  20^,  would  be  the  correct  angle. 

Three  indexes,  120°  apart,  are  sometimes  used.    They  have  the 
advantage  of  averaging  the  unavoidable  inaccuracies  and  inequali 
ties  of  graduation  on  different  parts  of  the  limb,  and  thus  diminish 
ing  their  effect  on  the  resulting  angle. 

Four  were  used  on  the  large  Theodolite  of 
the  English  Ordnance  Survey,  two,  A  and  B, 
opposite  to  each  other,  and  two,  0  and  D,  120^ 
from  A  and  from  each  other.  The  halfnsum  or 
arithmetical  mean,  of  A  and  B  was  taken,  then 
the  mean  of  A,  G,  and  D,  and  then  the  mean 
•f  these  two  means.    But  this  was  wrong,  for 
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it  gave  too  great  value  to  the  reading  of  A^  and  also  to  B,  though 
m  a  lees  degree ;  since  the  share  of  each  Vernier  in  the  final  mean 
was  as  follows:  A=5,B  =  8y  C=  2,D  =  2.    This  results  firom 

the  expression  for  that  mean,  =  ^  I — ^ —  +  —         — I  =s  ^ 

(6  A  +  8  B  +  2  C  +  2  D). 

(3S5)  Tke  grainated  circle.  This  is  divided  into  three  hun- 
dred and  sixty  equal  parts,  or  Degrees,  and  each  of  these  is  sub- 
divided into  two  or  three  parts  or  more,  according  to  the  size  of  the 
instrument.  In  the  first  case,  the  smallest  division  on  the  circle  will 
of  course  be  80';  m  the  second  case  20\  More  precise  reading,  to 
single  minutes  or  even  less,  is  effected  by  means  of  the  Vernier  of 
the  index,  all  the  varieties  of  which  will  be  fully  explained  in  the 
next  chapter.  The  numbers  run  firom  0^  around  to  860^,  which 
number  is  necessarily  at  the  same  point  as  the  0,  or  zero-paint.* 
Each  tenth  degree  is  usually  numbered,  each  fifth  degree  is  distin- 
giushed  by  a  longer  line  of  division,  and  each  degree-division  line 
is  longer  than  those  of  the  sub-divisions.  A  magnifying  glass  is 
needed  for  reading  the  divisions  with  ease.  In  the  Theodolite 
engraving  this  is  shown  at  m.  It  should  be  attached  to  each 
Vernier. 

(S86)  Movements*  When  the  line  of  sight  of  the  telescope  is 
directed  to  a  distant  well-defined  point,  the  unaided  hand  of  the 
observer  cannot  move  it  with  sufficient  delicacy  and  precision  to 
make  the  intersection  of  the  cross  hairs  exactly  cover  or  ^^bisect'* 
that  point.  To  effect  this,  a  clamp,  and  a  Tangent,  or  slow-motion, 
screw  are  required.  This  arrangement,  as  applied  to  the  move* 
ment  of  the  upper,  or  Vernier  plate,  consists  of  a  short  piece  of 
brass,  D,  wluch  is  attached  to  the  Vernier  plate,  and  through 
which  passes  a  long  and  fine-threaded  ^^  Tangent«crew,"  t.  The 
other  end  of  tiiis  screw  enters  into  and  carries  the  clanvp.  This 
ooDsists  of  two  pieces  of  brass,  which,  by  turning  the  clamp-screw 
«,  which  passes  through  them  on  the  outmde,  can  be  made  to  take 

*  In  tome  instraroentt  there  is  another  concentric  circle  on  which  the  degteef 
tre  alto  numbered  from  (P  to  90*  as  on  the  compass  circle. 
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hold  of  and  pinch  tighdj  the  edge  of  the  lower  circle^  which  Ilea 
between  them  on  the  inside.  The  upper  circle  is  now  prevented 
from  moving  on  the  lower  one ;  for,  the  tangent-screw,  pasang 
through  hollow  screws  in  both  the  clamp  and  the  piece  D,  keeps 
them  at  a  fixed  distance  apart,  so  that  they  cannot  move  to  or  from 
one  another,  nor  consequently  the  two  circles  to  which  they  are 
respectively  made  fast.  But  when  this  tangent-screw  is  turned  by 
its  milled-head,  it  gives  the  clamp  and  with  it  the  upper  plate  a 
smooth  and  slow  motion,  backward  or  forward,  whence  it  is  called 
the  '^  Slow  motion  screw,"  as  well  as  ^^  Tangent-screw,"  from  the 
direction  in  which  it  acts.  It  is  always  placed  at  the  south  end 
of  the  compass-box. 

A  little  different  arrangement  is  employed  to  give  a  similar 
motion  to  the  lower  circle  (which  we  have  hitherto  regarded  as 
immovable)  on  the  body  of  the  instrument.  Its  axis  is  embraced 
by  a  brass  ring,  into  which  enters  another  tangentnscrew,  which 
also  passes  through  a  piece  fastened  to  the  plate  P.  The  clamp- 
screw,  C,  causes  the  ring  to  pinch  and  hold  immovably  the  axis  of 
the  lower  circle,  while  a  turn  of  the  Tangent^crew,  T,  will  slowly 
move  the  clamp  ring  itself,  and  therefore  with  it  the  lower  circle. 
When  the  clamp  is  loosened,  the  lower  circle,  and  with  it  every 
thing  above  it,  has  a  perfectly  free  motion.  A  recent  improvement 
is  the  employment  for  this  purpose  of  two  tangent  screws,  pressing 
against  opposite  sides  of  a  piece  projecting  from  the  clamp-ring. 
One  is  tightened  as  the  other  is  loosened,  and  a  very  steady  mo- 
tion is  thus  obtained.  ■ 

(S37)  Levels*  Since  the  object  of  the  instrument  is  te  measm-c 
horizontal  angles,  the  circular  plate  on  which  they  are  measuitd 
must  itself  be  made  horizontal.  Whether  it  is  so  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  an^es  1k> 
each  other.  Each  consists  of  a  glass  tube,  slightiy  curved  upward 
in  its  middle  and  so  nearly  filled  with  alcohol,  that  only  a  small 
bubble  of  air  is  left  in  the  tube.  This  always  rises  to  the  highest 
part  of  the  tubes.  They  are  so  '^adjusted"  (as  will  be  explained 
in  chapter  HE)  that  when  this  bubble  of  air  is  in  the  middle  of 
the  tubes,  or  its  ends  equidistant  from  the  central  mark,  the  plate 
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OD  wluch  ihey  are  fastened  shall  be  level,  which  way  soever  it  maj 
be  tamed. 

The  levels  are  represented  m  the  figure  of  the  Transit,  on  page 
212,  as  being  under  the  plate.  They  are  sometimes  placed  above 
it.  In  ihat  case,  the  Verniers  are  moved  to  one  side,  between  the 
feet  of  the  standards,  and  one  of  the  levels  is  fixed  between  the 
standards  above  one  of  the  Verniers,  and  the  other  on  the  plate  at 
the  south  end  of  the  compass-box. 

(SS8)  Parallel  Platest    To  raise  or  lower  either  side  of  the 

circle,  so  as  to  bring  the  bubbles  into  the  centres  of  the  tabes, 

requires  more  gentle  and  steady  movements  than  the  unaided  hands 

can  give,  and  is  attamed  by  the  Parallel  Plates  P,  P^  (so  called 

because  they  are  never  parallel  except  by  accident),  and  their 

four  screws  Q,  Q,  Q,  Q,  which  hold  the  plates  firmly  apart,  and,  by 

being  turned  in  or  out,  raise  or  lower  one  side  or  the  other  of  the 

upper  plate  P',  and  thereby  of  the  graduated  circle.    The  two 

phites  are  held  together  by  a  ball  and  socket  joint.    To  level  the 

ioBtrument,  loosen  the  lower  clamp  and  turn  the  circle  till  each 

level  is  parallel  to  the  vertical  plane  passing  through  a  pair  of 

opposite  screws.     Then  take  hold  of  two  opposite  screws  and  turn 

them  nmultaneously  and  equally,  but  in  contrary  directions,  screw- 
Fig.  223. 


ing  one  in  and  tiie  other  out,  as  shown  by  the  arrows  in  the  figurea 
A  rule  eaoly  remembered  is  that  both  thumbs  must  turn  in,  or  both 
out  The  movements  represented  in  the  first  of  these  figures  would 
raise  the  left-hand  side  of  the  circle  and  lower  the  right-hand  side. 
The  movements  of  the  second  figure  would  produce  the  reverse 
efiect.  Care  is  needed  to  turn  the  opposite  screws  equally,  so  that 
they  shall  not  become  so  loose  that  the  instrument  will  rock,  or  so 
ti^t  as*  to  be  cramped.  When  this  last  occurs,  one  of  the  other 
pair  should  be  loosened- 

15 


i 
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Sometimes  one  of  each  pair  of  ike  screws  is  replaced  bj  a  strong 
spring  against  which  the  remaining  screws  act. 

The  French  and  German  instruments  are  usually  supported  by 
only  three  screws.  In  such  cases,  one  level  is  brought  parallel  to 
one  pair  of  screws  and  levelled  by  them,  and  the  other  level  has 
its  bubble  brought  to  its  centre  by  the  third  screw.  K  thero  is 
only  one  level  on  the  instrument,  it  is  first  brought  parallel  tc  one 
pair  of  screws  and  levelled,  and  is  then  turned  one  quarter  around 
BO  as  to  be  perpendicular  to  them  and  over  the  third  screw,  and  the 
operation  is  repeated. 

(839)  Watch  Telescopei  A  second  Telescope  is  scnnetimefl 
attached  to  the  lower  part  of  the  instrument.  When  a  number  of 
angles  are  to  be  observed  from  any  one  station,  direct  the  upper 
and  principal  Telescope  to  the  first  object,  and  then  direct  the 
lower  one  to  any  other  well-defined  point.  Then  make  all  the 
desired  observations  with  the  upper  Telescope,  and  when  they  are 
finished,  look  again  through  the  lower  one,  to  see  that  it  and  there- 
fore the  divided  circle  has  not  been  moved  by  the  movements  of 
the  Vernier  plate.  The  French  call  this  the  Witriess  Telacopej 
(^Lunette  temom). 

(340)  The  Compass.  Upon  the  upper  plate  is  fixed  a  compass. 
Its  use  has  been  fully  explained  in  Part  III.  It  is  little  used  in 
connection  with  the  Transit  or  Theodolite,  which  are  so  incompara- 
bly more  accurate,  except  as  a  ^^  check,"  or  rough  test  of  (he 
accuracy  of  the  angles  taken,  which  should  about  equal  the  difler- 
ence  of  the  magnetic  bearings.  Its  use  will  be  farther  noticed  iq 
Chapter  IV,  on  "  Field  Work." 

(341)  The  Snrreyor's  Transit.  In  this  instrament  (so 
named  by  its  introducers,  Messrs.  Gurley,  and  shown  in 
Fig.  224),  the  Vernier-plate,  which  carries  the  standards 
and  telescope,  is  imder  the  plate  which  carries  the  grad- 
uated circle,  and  the  compass  is  attached  to  the  latter. 
By  this  arrangement,  when  the  Vernier  is  set  at  any  angle, 
the  line  of  sight  of  the  telescope  will  make  that  angle  with 
the  N.  and  S.  lines  of  the  compass.  Consequently,  this 
instrument  can  be  used  precisely  like  the  Vernier  compass 
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to    allow   for  magnet-  ^*  '"*■ 

ic  variatioii,  and  tliiis 

to  mn  out  a  line  with 

tme  bearings,  as  in  Art. 

(312),  or  to  nm  oat  old 

lines,  allowing  for  the 

gecolar  variation,  as  in 

ArLCStl). 

The  infltnunent  may 
also  be  used  like  the 
common  Engineer's 
Transit  The  compass, 
however,  will  then  cot 
give  the  bearings  of  the 
lines  snrvejed,  but  they 
can  easilj  be  deduced 
from  that  of  any  one 
line. 

(MS)  G«MlUB«IMtr«.     A  very  compact  in-  t"<g-  ^^*'- 

strument  to  which  the  above  name  has  been 
^ven  in  France,  where  it  is  much  used,  is  shown  . 
m  the  figure.  The  upper  half  of  the  cylinder  is 
movable  on  its  lower  half.  The  observations 
may  be  taken  throqgh  the  slits,  as  in  the  Survey* 
or's  Cross,  or  a  Telescope  may  be  added  to  it. 
Readings  may  be  taken  both  from  the  compass, 
and  from  the  divided  edge  of  the  lower  half  of 
the  cylmder,  by  means  of  a  Vernier  on  the 
upper  half.* 

*  Tha  pnner  care  of  intlrumeTiu  mait  not  be  overlooked. 
If  Tirniibed,  ibey  thould  be  wiped  gently  with  fine  and 
cleao  linen.  If  poliibed  with  ml,  they  ghoold  be  nibbed 
more  UrooKly.  The  put)  neither  vu-niihed  nor  oiled,  ihoiild 

be  eleaaed  with  Spaniih  while  and  alcobol  Varniibed  wew),  when  ipotted 
•faintd  be  wiped  with  very  ion  linen,  moistened  wiih  ■  little  olive  oil  orHlroJioL 
DnpaiDled  wood  ii  cleaned  wiih  rand-pnper.  Apply  olive  oil  where  Weel  rnbi 
anioM  hn— ;  aod  wai  •ofteoed  bv  tallow  where  brau  rnba  BEBinil  bian.— 
3leu  the  glaaua  with  kid  or  buck  ikin.     Wa^  them,  if  dirtied,  wiih  alccboL 
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CHAPTER  n. 


VKRfllKSS* 

(S43)  IteflltiMt  A  Yermer  is  a  coniriTance  for  measoring 
smaller  poiiioDS  of  space  tiian  ttiose  into  which  a  fine  b  actuallj 
divided.  It  consistB  of  a  second  line  or  scale,  morahle  bj  the  side 
of  Ihe  first,  and  divided  into  equal  parts,  which  are  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  first  line  is  divided. 
This  small  difference  is  the  space  which  we  are  thns  enabled  to 
measure.* 

The  Yermer  scale  is  usually  constructed  by  taking  a  length 
equal  to  any  number  of  parts  on  the  divided  line,  and  then  dividing 
this  length  into  a  number  of  equal  parts,  one  more  or  one  less  than 
the  number  into  which  the  same  length  on  the  orig^mal  line  is  di* 
vided. 


(844)  lUostrattont  The  figure  represents  (to  twice  the  real 
sise)  a  scale  of  inches  divided  into  tenths,  with  a  Yemier  scale 
bende  it,  by  whi6h  hundredths  of  an  inch  can  be  measured.    The 

Fig.  225. 
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Vernier  is  made  by  setting  off  on  it  9  tenths  of  an  inch,  and  divid- 
mg  that  length  into  10  equal  parts.  Each  space  on  the  Yemier 
IS  therefore  equal  to  a  tenth  of  nine-tenths  of  an  inch,  or  to  nine- 
hundredths  of  an  inch,  and  is  consequently  one-hundredth  of  an 
mch  shorter  than  one  of  the  divisions  of  the  original  scale.    The 

•  The  Vernier  is  to  Darned  from  its  inventor,  in  1631.  The  name  "  Nonius," 
urflen  improperly  given  to  it,  belongs  to  an  entirely  different  contrivance  for  a 
similar  object. 
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first  space  of  the  Vernier  will  therefore  fall  short  of,  or  be  over- 
lapped bj,  the  first  space  on  the  scale  by  this  one-hundredth  of  an 
inch ;  the  second  space  of  the  Yermer  will  fall  short  bj  two^rnn 
dredths  of  an  inch;  and  so  on.  If  then  the  Vernier  be  moved  up 
by  the  side  of  the  origmal  scale,  so  that  the  line  marked  1  coin- 
cides, or  forms  one  straight  line,  with  the  line  of  the  scale  which 
was  just  above  it,  we  know  that  the  Vernier  has  been  moved  one* 
hundreddi  of  an  inch.  If  the  line  marked  2  comes  to  coincide 
with  a  line  of  the  scfJe,  the  Vernier  has  moved  up  two-hundredtha 
of  an  inch ;  and  so  for  other  numbers.    If  the  p4)eition  of  the 

Fig.  226. 
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Venuer  be  as  in  this  figure,  the  line  marked  7  on  the  Vernier 
corresponding  with  some  line  on  the  scale,  the  zero  line  of  the 
Vernier  is  7  hundredths  of  an  inch  above  the  division  of  the  scale 
next  below  this  zero  line.  If  this  division  be,  as  in  the  figure, 
8  inches  and  6  tenths,  the  reading  will  be  8.67  inches.* 

A  Vernier  like  this  is  used  on  some  levelling  rods,  being  engraved 
on  the  sides  of  the  opening  in  the  part  of  the  target  above  ito 
adddle  line.  The  rod  being  divided  into  hundredths  of  a  foot,  this 
Vernier  reads  to  thousandths  of  a  foot.  It  is  also  used  on  some 
French  Mountain  Barometers,  which  are  divided  to  hundredths  of 
a  metre f  and  thus  read  to  thousandths  of  that  unit. 

(S15)  GCBCral  rules.  lb  find  what  any  Vernier  reads  tOj 
i.  e.  to  determine  how  small  a  distance  it  can  measure,  observe 
now  many  parts  on  the  original  line  are  equal  to  the  same  number 
mcreased  or  diminished  by  one  on  the  Vernier,  and  divide  the 


*  The  smdent  will  do  well  to  draw  gach  a  icale  and  Vernier  on  two  slips  of 
ihick  paper,  and  move  one  beside  the  other  till  he  can  read  them  in  any  poMibIa 
position ;  and  so  with  the  following  Verniers. 
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length  of  a  part  on  the  original  line  by  this  last  number.  It  wiD 
give  the  reqmred  distance.* 

To  read  omy  Vernier^  firstlj,  look  at  the  zero  line  of  the  Ver 
nier,  (which  is  sometimes  marked  bj  an  arrow-head) ,  and  if  it 
coincides  with  any  division  of  the  scale,  that  will  be  the  correct 
leadings  and  the  Yemier  divisions  are  not  needed.  But  if,  as 
usually  happens,  the  zero  line  of  the  Vernier  comes  between  any 
two  divisions  of  the  9cale,  note  the  nearest  next  less  division  on  the 
scale,  and  then  look  along  the  Vernier  till  you  come  to  some  line 
on  it  which  exactly  coincides,  or  forms  a  straight  line,  with  some 
line  (no  matter  which)  on  the  fixed  scale.  The  number  of  this 
line  <m  the  Vernier  (the  7th  in  the  last  figure)  tells  that  so  many 
of  the  sub-divisions  which  the  Vernier  indicates,  are  to  be  added  to 
the  reading  of  the  entire  divisions  on  the  scale. 

When  several  lines  on  the  Vernier  appear  to  coincide  equally 
with  lines  of  the  scale,  take  the  middle  line. 

When  no  line  coincides,  but  one  line  on  the  Vernier  is  on  (me 
side  of  a  line  on  the  scale,  and  the  next  Ime  on  the  Vernier  is  as 
far  on  the  other  side  of  it,  the  true  reading  is  midway  between  those 
indicated  by  these  two  lines, 

/ 

(846)  Retn^rade  Terniers.     The  spaces  of  the  Vernier  in 

modem  instruments,  are  usually  each  shorter  than  those  on  the  scale, 
a  certain  number  of  parts  on  the  scale  being  divided  into  a  larger 
number  of  parts  on  the  Vemier.f  In  the  contrary  case,:(  there  is 
the  inconvenience  of  berag  obliged  to  number  the  lines  of  the  Ver- 
nier and  to  count  their  coincidences  with  the  lines  of  the  scale,  in 
a  retrograde  or  contrary  direction  to  that  in  which  the  numbers  on 
Uie  scale  run    We  wiU  call  such  arrangements  retrograde  Venders. 

*  In  Algebraic  lanniage,  let «  equal  tbe  length  of  one  part  on  the  orisinal  line, 
and  V  the  unknown  lengih  of  one  part  on  the  Vernief.     Let  m  of  the  former  ■■ 

MS 

n  -f- 1  of  the  latter     Then  tnt  ■■  (m  -|-  1)  «•        *  «" r"T''       •  —  •  -■  •  • 

«  +  1 

IK  M  M 

T»  ■■  — -r-— .  If  «M  SBB  («  —  1 )  r,  then  »  —  #  ^ 


* '  e.  Algebraically,  v  i—  t  i.  ©.  When  •  s  . 
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CUT)  ninstratiei*  In  this  figure,  the  scale,  as  before,  repre- 
sents (to  twice  the  real  size)  inches  divided  into  tenths,  bat  Hie 
Vender  is  made  bj  dividing  11  parts  of  the  scale  into  10  equal 

Fig.  227. 
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parts,  each  of  which  is  therefore  one-tenth  of  eleven-tenths  of  ai 
inch,  i.  e.  eleven-hnndredths  of  an  inch,  or  a  tenth  and  a  hun* 
dredth.  Each  space  of  the  Vernier  therefore  overlaps  a  space  on 
the  scale  by  one-hundredth  of  an  inch.  The  manner  of  reading 
ibis  Vender  is  the  same  as  in  the  last  one,  except  that  the  numbers 
run  in  a  reverse  direction.    The  reading  of  the  figure  is  80.16. 

This  Vender  is  the  one  generally  applied  to  the  common  Baro- 
meter, the  zero  point  of  the  Vender  being  brought  to  the  level  of 
the  top  of  the  mercury,  whose  height  it  then  measures.  It  is  also 
employed  for  levelling  rods  which  read  downwards  from  the  middle 
of  the  target. 

(848)  The  figure  below  represents  (to  double  size)  the  usual 
scale  of  the  "Rngliab  Mountain  Barometer.*  The  scale  is  first 
divided  into  inches.    These  are  subdivided  into  tenths  by  the 

Fig.  228. 
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longer  Imes,  and  the  shorter  lines  again  divide  these  into  half 
tenths,  or  to  5  hundredths.  24  of  these  smaller  parts  ore  set  off 
on  the  Vernier,  and  divided  into  25  equal  parts,  each  of  which  is 

=  .048  inch,  and  is  shorter  than  a  division 


therefore  = 


24  X  .06 
25 


of  the  scale  by  .050  —  .048  =  .002,  or  two  thousandths  of  an  inch, 
a  twenty-fiflh  part  of  a  division  on  the  scale,  to  which  minuteness 
the  Yermer  can  therefore  read.  The  n»ading  in  the  figure  is 
80.686,  (30.65  hj  the  scale  and  .036  by  the  Vernier),  the  dotted 
line  marked  D  showing  where  the  coincidence  takes  place. 

(t49)  Circle  iMiei  into  degrees.  The  foUowmg  illustra- 
tions apply  to  the  measurements  of  angles,  the  circle  being  vari- 
ously divided.  In  this  article,  the  circle  is  supposed  to  be  divided 
into  degrees. 

K  6  spaces  on  the  Vernier  are  found  to  be  equal  to  5  on  the 
circle,  the  Vernier  can  read  to  one-sixth  of  a  space  on  the  circle, 
i.  e.  to  10'. 

If  10  spaces  on  the  Vernier  are  equal  to  9  on  the  circle,  the 
Vernier  can  read  to  one-tenth  of  a  space  on  the  circle,  i.  e.  to  6^ 

If  12  spaces  on  the  Vernier  are  equal  to  11  on  the  circle,  the 
Vernier  can  read  to  one-twelfth  of  a  space  on  the  circle,  i.  e.  to  6'. 

Fig.  229. 

10  s«o 


The  above  figure  shows  such  an  arrangement.  The  index,  of 
lero,  of  the  Vernier  is  at  a  pomt  beyond  858^,  a  certam  distance, 
which  the  coincidence  of  the  third  line  of  the  Vernier  (as  indicated 
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bj  ibe  dotted  and  oroBsed  line)  shows  to  be  lb\  The  whole  read- 
ing is  therefore  858^  15\ 

If  20  spaces  on  the  Vernier  are  equal  to  19  on  the  circle,  the 
Vernier  can  read  to  one-twentieth  of  a  division  on  the  circle, 
i.  e.  to  8'.  English  compasses,  or  '^  Circmnferentors,"  are  some- 
tunes  Urns  arranged. 

If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  the 
Vernier  can  read  to  one-sixtieth  of  a  division  on  the  circle,  i.  e.  to  1'. 


(850)  Circle  ilvMed  to  SO't    Such  a  graduation  is  a  very 

common  one.    The  Vernier  may  be  variously  constructed. 

Suppose  80  spaces  on  the  Vernier  to  be  equal  to  29  on  the 

29  X  80' 
circle.     Each  space  on  the  Vernier  will  be  =  — gg —  ss  29', 

and  will  therefore  be  less  than  a  space  of  the  circle  by  1',  to  which 
the  Vernier  will  then  read. 

Fig.  230. 


The  above  figure  shows  this  arrangement.  The  reading  is  0% 
•r  860^ 

In  the  following  figure,  the  dotted  and  crossed  line  shows  what 
diviffions  comcide,  and  the  readmg  is  20^  10' ;  the  Vernier  being 
the  same  as  in  the  precedmg  figure,  and  its  lero  bemg  at  a  point 
of  the  circle  10'  beyond  20"". 
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in  the  following  figure,  the  reading  b  20°  40',  tiie  indux  being 
at  a  pcont  beyond  20°  80',  sad  the  additional  space  being  shown 
by  the  Yernier  to  be  10'. 

Fig.  133 
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Sometimes  SO  spaces  on  the  Yemier  are  equal  to  81  on  the  circle. 

81  X  80' 

Each  space  on  the  Vernier  will  therefore  be  =  — ^ —  =  31',  and 

will  be  longer  than  a  space  on  the  circle  by  1',  to  which  it  will 
therefore  read,  as  in  the  last  case,  but  the  Vernier  will  be  ^^  retro- 
grade."   This  is  the  Vernier  of  the  compass,  "Fig.  148.    The  pecu- 
liar manner  in  which  it  is  there  applied  is  shown  in  Yig.  289. 
If  15  spaces  on  the  Vernier  are  equal  to  16  on  the  circle,  each 

16  X  80' 
gpace  on  the  Vernier  will  be  =  — jv —  =  82',  and  the  Vernier 

will  therefore  read  to  2'. 


(351)  Circle  dlrldei  to  20'.  If  20  spaces  on  the  Vernier 
are  equal  to  19  on  the  circle,  each  space  of  the  latter  will  be  =» 
Id  V  20' 

20      ^  ^®'^  ^^  ^^  Vernier  will  read  to  20'— 19'  =  1'. 

If  40  spaces  on  the  Vernier  are  equal  to  41  on  the  circle,  each 

41  X  20' 
space  on  the  Vernier  will  be  =»  — — =  20  J' ;  and  the  Ver- 
nier will  therefore  read  to  20  J'  —  20'  =  80".  It  will  be  retro- 
grade. In  the  following  figure  the  reading  is  860°,  or  0^  ;  and  it 
will  be  seen  that  the  40  spaces  on  the  Vernier  (numbered  to  whole 
nunutes)  are  equal  to  18^  40'  on  the  limb,  i.  e.  to  41  spaces,  each 
rf20'. 

Fig.233. 


If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  each 

59  X  20' 
«f  the  former  will  be  =  — g- —  =s  19'  40",  and  the  Vernier 
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will  therefore  read  to  20'  — 19'  40''  =  20".  The  following  figure 
Bhows  such  an  arrangement.  The  reading  m  that  poaition  would 
be  40'  46'  20". 

rig.  234. 
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(S52)  Circle  dlvldet  to  15'.    K  60  spaces  on  the  Vernier  are 

equal  to  59  on  the  circle,  each  space  on  the  Vernier  will  be  = 
Ao  V  iv 

':/     =  14'  45",  and  the  Vernier  wiU  read  to  15".    In  the 

following  figure  the  reading  is  10^  20'  45",  the  index  pointing  to 
10^  15',  and  something  more,  which  the  Vernier  shows  to  be  5'  45' 

Fig.  235. 
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(SM)  Circle  iifiiti  t«  IC.  K  60  apacee  on  the  Vernier  be 
Bqaal  to  59  oa  the  limb,  the  Yemier  will  read  to  10".  In  Ihe 
fbUoiring  figure,  the  re&ding  is  7°  25'  40",  the  reading  oa  tb« 
nrcle  being  7°  20',  and  the  Vermer  showing  the  remaimng  apaot 
to  bo  6'  40". 

Fig.a3e. 
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(351)  Rea4iig  backwards.  When  an  index  canning  a  Ver- 
nier ia  moved  backwards,  or  in  a  contrary  direction  to  that  in 
which  the  numbers  on  the  circle  mn,  if  we  wish  to  read  the  apace 
which  it  has  passed  over  in  this  direction  from  the  zero  point,  the 
Vernier  must  be  read  backwards,  (i.  e.  the  hi^eat  number  be 
caDed  0),  or  its  actual  reading  must  be  subtracted  &om  the  value 
of  the  smallest  space  on  the  circle.  The  reason  is  plfun ;  for, 
Knee  the  Vernier  shows  how  far  the  index,  momg  in  one  direo- 
tioD,  has  gone  past  one  division  line,  the  distance  which  it  ia  &om 
the  next  divi^on  line  (which  it  maj  be  supposed  to  have  passed, 
moving  in  a  contrary  direction),  will  be  the  difference  between  the 
reading  and  the  value  of  one  space. 

Thus,  in  Fig.  229,  page  232,  the  reading  la  358"  15'.  But, 
eonnting  backwards  from  the  860°,  or  zero  point,  it  is  1"  45'. 

CaatioQ  on  this  point  ia  particularly  necesaaiy  in  using  small 
■DideA  of  deflection  for  rtulroad  curves. 
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(SA5)  Arc  *t  eXMSS.  Oa  the  sextant  and  umiliir  instrn- 
menta,  the  diviaons  of  the  limb  are  canied  onvard  a  short  distance 
beyond  the  zero  point.  Thia  portion  of  the  limb  is  caQed  the  "  Are 
of  ezceas."  When  the  index  of  the  Yernier  points  to  this  arc,  the 
reading  must  be  made  as  expluned  in  the  last  article.  Thus,  m 
th«  figore,  the  reading  on  the  aro  from  the  zero  of  the  limb  to  the 
FiB.ar 
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zero  of  the  Vernier  is  4°  20',  and  something  more,  and  the  reading 
of  the  Vernier  from  10  towards  to  the  right,  where  the  lines  coin- 
cide, is  3'  20",  (or  it  is  10'  —  6'  40"  =  S'  20"),  and  the  entire 
reading  is  therefore  4°  23'  20". 

*(8M)  DoiUe  Tcrilere.    To  avoid  the  inconveniences  of  read- 
ing backwards,  double  Vemiera  are  sometimes  used.     The  figure 
below  shows  one  applied  to  a  Tranut.     Each  of  the  Vemieis  it 
Fig.  asa 
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like  the  one  described  in  Art.  (8M),  Figs.  280,  281,  and  232. 
When  the  degrees  are  counted  to  the  lefl,  or  as  the  numbers  run, 
as  is  usual,  the  left-hand  Vernier  is  to  be  read,  as  in  Art.  (850)  ; 
but  when  the  degrees  are  counted  to  the  right,  from  the  860^  line, 
tiie  right-hand  Vernier  is  to  be  used. 


(857)  Compass-Temien     Another  form  of  double  Vernier, 
often  applied  to  the  compass,  is  shown  in  the  following  figure.    The 

Fig.  839. 
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limb  is  divided  to  half  degrees,  and  the  Vernier  reads  to  minutes, 
80  parts  on  it  being  equal  to  81  on  the  limb.  But  the  Vernier  is 
only  half  as  long  as  in  the  previous  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continuation  of  the  lower 
figures  on  the  other  half.  Thus  in  moving  the  index  to  the  right, 
read  the  lower  figures  on  the  left  hand  Vernier  (it  being  retro- 
grade) at  any  coincidence,  when  the  space  passed  over  is  less  than 
15' ;  but  if  it  be  more,  read  the  upper  figures  on  the  right  hand 
Vernier :  and  viee  versa. 
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CHAPTER  m. 


ADJVSTnERTS. 

(S58)  Thb  porpoees  for  which  the  Tranait  and  Theodolite  (as  weD 
as  moat  aanreying  and  astronomical  instnunentB)  are  to  be  used, 
require  and  presappose  certun  parts  and  lines  of  the  instroment 
to  be  placed  in  certain  directions  with  respect  to  others ;  these  re- 
spective directions  being  nsually  parallel  or  perpendicular.  Snch 
arrangements  of  their  parts  are  called  their  Adfjtutments.  The 
same  word  is  also  applied  to  placing  these  lines  in  these  direcfi<His. 
In  the  following  explanations  the  operationB  which  detemune 
whether  these  adjustments  are  correct,  will  be  caUed  their  Fm/S- 
eatians;  and  the  making  them  right,  if  they  are  not  so,  their  Sec- 
UfieatwM.* 

(S59)  In  observations  of  horizontal  angles  with  the  Transit  or 
the  Theodolite,!  it  is  required, 

1^  That  the  circular  plates  shall  be  horizontal  in  whatever  way 
they  may  be  turned  around. 

2^  That  the  Telescope,  when  pointed  forward,  shall  look  in  pre* 
cisely  the  reverse  of  its  direction  when  pointed  backward,  i.  e.  that 
its  two  lines  of  sight  (or  lines  of  collimation)  forward  and  back- 
ward shall  lie  in  the  same  plane. 

8^  That  the  Telescope  in  turning  upward  or  downward,  shall 
move  in  a  truly  vertical  plane,  in  order  that  the  angle  measured 
between  a  low  object  and  a  high  one,  may  be  precisely  the  same 
as  would  be  the  angle  measured  between  the  low  object  and  a  point 
exactiy  under  the  high  object,  and  in  the  same  horizontal  plane  a? 
the  low  one. 

*  It  faai  been  well  said,  that  *'  In  the  present  state  of  science  it  may  be  laid 
down  as  a  maxim,  that  every  mstmment  snonld  be  so  contritred,  that  the  observer 
may  easily  examine  and  rectify  the  principal  parts ;  for,  however  careful  the 
instmment-maker  may  be,  however  perfect  the  execution  thereof,  it  is  not  possi- 
ble that  any  instrument  should  long  remain  accurately  fixed  in  the  position  in 
which  it  came  out  of  the  maker's  hands."— iltfams'  '*  Oeometrieal  €md  OratJUeal 
Euayt,"  1791. 

t  The  Theodolite  adjustments  which  relate  only  to  levelling  ur  to  measuring 
vertical  angles,  will  not  be  here  discussed. 


We  shall  see  that  all  these  adjustments  are  finally  resolvable 
into  these ;  1st.  Making  the  vertical  axis  of  the  instnunent  perpen- 
dionlar  to  the  plane  of  the  leveb ;  2d.  Making  the  line  of  collimar 
lion  perpendicular  to  its  axis ;  and  8d.  Making  this  axis  parallel 
to  the  plane  of  the  levels.  They  are  all  best  tested  by  the  invalu- 
able principle  of  '^  Reversion." 

We  have  now,  firstly,  to  examine  whether  these  things  art  so^ 
that  is,  to  ^^  verify"  the  adjustments ;  and,  secondly,  if  we  find  thai 
they  are  not  so,  to  molkt  them  so,  i.  e.  to  ^^  rectify,"  or  ^^  adjust"  them 
correctly.  The  above  three  requirements  produce  as  many  corre* 
spondmg  adjustments. 

(3iO)  First  afUustment*  To  eaiiBe  the  circle  to  be  horizontal 
in  every  position.* 

Verification. — ^Tum  the  Vernier  plate  which  carries  the  levels, 
till  one  of  them  is  parallel  to  one  pair  of  the  parallel  plate 
screws.  The  other  will  then  be  parallel  to  the  other  pair.  Bring 
each  bubble  to  the  middle  of  its  tube,  by  that  pair  of  screws  to 
which  it  is  parallel.  Then  turn  the  vernier  plate  half  way  around, 
i.  e.  till  the  index  has  passed  over  180^.  If  the  bubbles  remain 
in  the  centres  of  the  tubes,  they  are  in  adjustment.  If  either  of 
them  runs  to  one  end  of  the  tube,  it  requires  rectification. 

Rectification. — ^The  fault  which  is  to  be  rectified  is  that  the 
plane  of  the  level  (i.  e.  the  plane  tangent  to  the  highest  point  of 
the  level  tube)  is  not  perpendicular  to  the  vertical  axis,  AA  in 
figure  214,  on  which  the  plate  turns.    For,  let  AB  represent  this 

Fig.  240.                                                    Fig.  241. 
^. ^^0  C -■ — "'"'K 


plane,  seen  edgeways,  and  CD  the  centre  line  of  the  vertical  aida^ 


fhia  applies  equally  to  the  Traniit  and  the  Theodolite. 
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wliich  is  here  drawn  as  making  an  acute  angle  inik  tibis  plane 
on  the  right  hand  side.  The  first  figure  represents  the  bubble 
brought  to  the  centre  of  ihe  tube.  The-  second  figure  represents 
the  plate  turned  half  around.  The  centre  line  of  the  axis  is  sup- 
posed to  remain  unmoved.  The  acute  an^e  will  now  be  on  Hit 
left  hand  side,  and  the  plate  will  no  longer  be  horizontal.  Conse- 
quently the  bubble  will  run  to  the  higher  end  of  the  tube.  The 
rectification  necessary  is  evidently  to  raise  one  end  of  the  tube  and 
lower  the  other.  The  real  error  has  been  doubled  to  the  eye  by 
the  reversion.  Half  of  the  motion  of  the  bubble  was  caused  by  the 
tangent  plane  not  being  perpendicular  to  the  axis,  and  half  by  this 
axis  not  being  vertical.  Therefore  raise  or  lower  one  end  of  the 
level  by  the  screws  which  fasten  it  to  the  plate,  till  tiie  bubble 
•comes  about  Jidlf  wat/  back  to  the  centre,  and  then  bring  it  quite 
back  by  turning  its  pair  of  parallel  plate  screws.  Then  agun 
reverse  the  vernier  plate  180^.  The  bubble  should  now  remain  in 
the  centre.  If  not,  the  operation  should  be  repeated.  The  same 
must  be  done  with  the  other  level  if  required.  Then  the  bubbles 
will  remain  in  the  centre  during  a  complete  revolution.  This 
proves  tiiat  the  axis  of  the  vernier  plate  is  then  vertical ;  and  as 
it  has  been  fixed  by  the  maker  perpendicular  to  the  plate,  the 
latter  must  then  be  horizontal. 

It  is  also  necessary  to  examine  whether  the  bubbles  remain  in 
the  centre,  when  the  divided  circle  is  turned  round  on  its  axis. 
If  not,  the  axes  of  the  two  plates  are  not  parallel  to  each  other. 
The  defect  can  be  remedied  only  by  the  maker ;  for  if  the  bubbles 
be  altered  so  as  to  be  right  for  this  reversal,  they  will  be  wrong 
for  the  vernier  plate  reversal 

(361)  Secend  atUtistment«  2b  came  the  line  of  colUmation  to 
revolve  in  a  plane.* 

Verification.  Set  up  the  Transit  in  the  nuddle  of  a  level  piece 
of  ground,  as  at  A  in  the  figure.  Level  it  carefully.  Set  a  stake, 
with  a  nail  driven  into  its  head,  or  a  chain  pin,  as  far  from  the 
mstrument  as  it  is  distinctiy  visible,  as  at  B.    Direct  the  telescope 

lliiB  adjustment  la  not  the  same  in  the  Transit  and  in  the  Theodolite.     Thai 
for  the  Traiitfit  will  be  first  given,  and  that  for  the  TheodoHte  iu  the  next  article 
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Fig.  34S 


to  it,  and  fix  the  intersection  of  the  cros&liairs  very  precisely  upon 

it.    Clamp  the  instrument.    Measure  from  A  to  B.    Then  turn 

oyer  the  telescope,  and  set  another  stake  at  an  equal  distance  from 

the  Transit,  and  also  precisely  in  the  line  of  sight.    If  the  line  of 

coUimaiion  has  not  continued  in  the  same  plane  during  its  half-revo- 

lution,  this  stake  wH  not  be  at  E,  but  to  one  side,  as  at  C.    To 

discover  the  truth,  loosen  the  clamp  and  turn  the  vernier  plate  half 

around  without  touching  the  telescope.    Sight  to  B,  as  at  first,  and 

again  clamp  it.    Then  turn  over  the  telescope,  and  the  line  of  sight 

will  strike,  as  at  D  in  the  figure,  as  fieur  to  the  right  of  the  point,  as 

it  did  before  to  its  left 

Beetification,    The  fault  which  is  to  be  rectified,  is  that  the  line 

of  collimation  of  the  telescope  is  not  perpendicular  to  the  horissontal 

axis  on  which  the  telescope  revolves.    This  will  be  seen  by  the 

figures,  which  represent  the  position  of  the  lines  in  each  of  the  four 

A 

Fig.  243.  B Jy        V 

.^0 

A        ^ 

Fig.  S44. 
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Fig.  846. 


dbeervations  which  have  been  made.  In  each  of  the  figures  the 
kng  thick  line  represents  the  telescope,  and  the  short  one  the  axis 
on  which  it  turns.    In  ilg.  248  the  line  of  sight  is  directed  to  & 
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[n  Fig.  244  the  telescope  has  been  torned  over,  and  with  it  the 
axis,  80  that  the  obtuse  angle,  marked  0  in  the  first  figure,  hafl 
taken  the  place,  0',  of  the  acute  angle,  and  the  telescope  points  to 
C  instead  of  to  E.  In  Hg.  245  the  vemier  plate  has  been  turned 
half  around  so  as  to  point  to  B  again,  and  the  same  obtuse  angle 
has  got  around  to  0'^  In  Hg.  246  the  telescope  has  been  turned 
over,  the  obtuse  angle  is  at  0^^',  and  the  telescope  now  points  to  D. 

To  make  the  line  of  collimation  perpendicular  to  the  axis,  the 
former  must  have  its  direction  changed.  This  is  effected  by  moY* 
ing  the  vertical  hair  the  proper  distance  to  one  side.  As  was 
explained  in  Art.  (330) 9  and  represented  in  Yig.  217,  the  cross- 
hairs are  on  a  ring  held  by  four  screws.  By  loosening  the  left* 
hand  screw  and  tightening  the  right-hand  one,  the  ring,  and  with 
it  the  cross-hairs,  will  be  drawn  to  the  right ;  and  vice  versa.  Two 
Loles  at  right  angles  to  each  other  pass  through  the  outer  heads  of 
the  screws.  Into  these  holes  a  stout  steel  wire  is  inserted,  and 
the  screws  can  thus  be  turned  around.  Screws  so  made  are  called 
*^  capstan-headed."  One  of  the  other  pair  of  screws  may  need  to 
be  loosened  to  avoid  strainmg  the  threads.  In  some  French  instru* 
ments,  one  of  each  pair  of  screws  is  replaced  by  a  spring. 

To  find  how  much  to  move  this  vertical  hair,  measure  firom  G  to 
D,  Fig.  242,  page  243.  Set  a  stake  at  the  middle  point  £,  and 
set  another  at  the  point  F,  midway  between  D  and  E.  Move  the 
vertical  hair  till  the  line  of  sight  strikes  F.  Then  the  instrument 
is  adjusted ;  and  if  the  line  of  sight  be  now  directed  to  E,  it  will 
strike  B,  when  the  telescope  is  turned  over;  nnce  the  hair  is 
moved  half  of  the  doubled  error,  DE.  The  operation  will  gene- 
rally require  to  be  repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered,  that  if  the  Telescope  used  does  not 
invert  objects,  its  eye-piece  will  do  so.  Consequently,  with  such  a 
(elescope,  if  it  seems  that  the  vertical  hair  should  be  moved  to  the 
left,  it  most  be  moved  to  the  right,  and  vice  versa.  An  inverting 
telescope  does  not  invert  the  cross-hairs. 

K  the  young  surveyor  has  any  doubts  as  to  the  perfection  of  his 
rectification,  he  may  set  another  stake  exactiy  under  the  instrument 
by  means  of  a  plumb-line  suspended  from  its  centre ;  and  then,  in 
like  manner,  set  his  Transit  over  B  or  E.     He  will  find  that  the 
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other  two  stakes,  A  and  the  extreme  one,  wrt  in  the  same  straight 
line  with  his  instrument. 

In  some  instniments,  the  horizontal  axis  of  the  telescope  can  be 
taken  out  of  its  supports,  and  turned  over,  end  for  end.  In  such 
%  case,  the  Ime  of  sight  may  be  directed  to  any  well  defined  point, 
tnd  the  axis  then  taken  out  and  turned  oyer.  If  the  line  of  sight 
•gain  strikes  the  same  point,  this  line  is  perpendicular  to  the  axis. 
If  not,  the  apparent  error  is  double  the  real  error,  as  appears  from 
the  figures,  the  obtuse  angle  0  coming  to  0',  and  the  desired  per- 

Fig.  247.    B* ^ ^2 %fc 
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pendicular  line  falling  at  G  midway  between  B  and  B^  The  ree- 
tification  may  be  made  as  before ;  or,  in  some  large  instruments,  in 
which  the  telescope  is  supported  on  Ys,  by  moving  one  of  the  Y* 
laterally. 

(S62)  The  Theodolite  must  be  treated  differently,  since  its  tele- 
scope does  not  reverse.  One  substitute  for  this  reversal,  when  it 
is  desired  to  range  out  a  line  forward  and  backward  from  one  sta- 
tion, is,  after  sighting  in  one  direction,  to  take  the  telescope  out  of 
the  Ys  and  turn  it  end  for  end,  to  sight  in  the  reverse  direction. 
This  it  can  be  made  to  do  by  adjusting  its  line  of  collimation  as 
explained  in  the  last  article.  Another  substitute  is,  after  sighting 
m  one  direction,  and  noting  the  reading,  to  turn  the  vernier  phte 
around  exactiy  180^.  But  this  supposes  not  only  that  the  gradua* 
tion  is  perfectly  accurate,  but  also  that  the  line  of  collimation  is 
exactiy  over  the  centre  of  the  circle.  To  test  this,  after  sighting 
to  a  point,  and  noting  the  reading,  take  th6  telescope  out  of  the 
Ys  ftiid  turn  it  end  for  end,  and  then  turn  the  vernier  plate 
around  exactly  180^.  If  the  line  of  sight  agam  strikes  the  same 
point,  the  latter  condition  exists.    If  not,  the  maker  must  remedy 
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the  defect.     This  error  of  eccentricitj  is  similar  to  that  explained 
with  respect  to  the  compass,  in  the  latter  part  of  Art.  (226). 

(8C8)  Tklrd  a^Jostmentt  To  came  the  line  of  colliTnation  to 
revolve  in  a  vertical  pUme.* 

Verification,  Suspend  a  long  plumb-line  Trom  some  high  point 
Set  the  instrument  near  this  line,  and  level  it  careful! j.  Direct 
the  telescope  to  the  plumb-line,  and  see  if  the  intersection  of  the 
cross^hairs  follows  and  remains  upon  this  line,  when  the  telescope 
is  turned  up  and  down.     K  it  does,  it  moves  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  house  will  fcrm  an  imperfect 
substitute  for  the  plumb-line. 

Otherwise ;  the  instrument  being  set  up  and  levelled  as  above, 
place  a  basin  of  some  reflecting  liquid  (quicksilver  being  the  best, 
though  molasses,  or  oil,  or  even  water,  will  answer,  though  less  per- 
fectly,) so  that  the  top  of  a  steeple,  or  other  point  of  a  high  object, 
can  be  seen  in  it  through  the  telescope  bj  reflection.  Make  the 
intersection  of  the  cross-hairs  cover  it.  Then  turn  up  the  tele- 
scope, and  if  the  intersection  of  the  cross-hairs  bisects  also  the 
object  seen  directly,  the  line  of  sight  has  moved  in  a  vertical  plane. 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  will  be 
equivalent  (if  it  be  nearly  over  head)  to  a  plumb-line  at  least  fifty 
million  million  miles  long. 

Otherwise ;  set  the  instrument  as  close  as  possible  to  the  base 
of  a  steeple,  or  other  high  object ;  level  it,  and  direct     F»g-  249 
it  to  the  top  of  the  steeple,  or  to  some  other  elevated         ^ 
and  well  defined  point.     Clamp  the  plates.    Turn  down 
the  telescope,  and  set  up  a  pin  in  the  ground  pre- 
cisely "  in  line."     Then  loosen  the  clamp,  turn  over         i 
the   telescope,   and   turn  it  half-way  around,  or  so         / 
far  as   to  agidn  sight  to  the   high   point.      Clamp        / 
the  plates,  and  again  turn  down  the  telescope.     K       / 
the  line  of  sight  again  strikes  the  pin,  the  telescope    jf_ 
has  moved  in  a  vertical  plane.     If  not,  the  apparent  ^   ^    1** 
eiTor  is  double  the  real  error.    For,  let  S  be  the  top  of  the  steeple, 

*  This  applies  to  both  the  TniDsit  and  the  Theodolite,  with  the  exception  of  the 
method  of  verification  by  the  steepl**  and  pin,  which  applies  only  to  the  Transit 
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(Eig.249)  and  P'  the  pin ;  tihen  the  plane  in  wluch 
the  telescope  moves,  seen  edgewise,  is  SP' ;  and, 
after  being  tutned  around,  the  line  of  sight 
moyes  in  the  plane  SP'^,  as  fieur  to  one  side  of 
the  vertical  plane  SP,  as  SP'  was  on  the  other 
side  of  it 

JSeetifieaUon.  Since  the  second  adjustment 
causes  the  line  of  si^t  to  move  in  a  plane  per- 
pendicular to  the  axis  on  which  it  turns,  it  will 
move  in  a  vertical  plane  if  that-  axis  be  hori- 
lontal.  It  may  be  made  so  by  filing  off  the 
feet  of  the  standards  which  support  the  higher 
end  of  the  axis.  This  will  be  best  done  by  the 
maker.  In  some  instruments  one  end  of  the 
axis  can  be  raised  or  lowered. 

(8Ci>  Centriig  eye-piecet  In  some  in- 
struments, such  as  that  of  which  a  longitudinal 
section  is  shown  in  the  marg^l,  the  inner  end 
of  the  eye-piece  may  be  moved  so  that  the 
croes-hairs  shall  be  seen  precisely  in  the  cen- 
tre of  its  field  of  view.  This  is  done  by  means 
of  four  screws,  arranged  in  pairs,  like  those  of 
the  cross-hair-ring  screws,  and  capable  of  mov- 
ing the  eye-piece  up  and  down,  and  to  right 
or  left,  by  loosening  one  and  tightening  the 
oppoedte  one.  Two  of  them  are  shown  at  A,  A, 
in  the  figure ;  in  which  B,  B,  are  two  of  the 
cross-hair  screws. 

{MS)  CeAtring  object-glass.  In  some 
instruments  four  screws,  similarly  arranged, 
two  of  which  are  shown  at  C,  C,  can  move,  in 
any  direction,  the  inner  end  of  the  slide  which 
carries  the  object-g^ass.  The  necessity  for 
•oeh  an  arrangement  arises  from  the  impoesi- 
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biliiy  of  drawmg  a  tube  perfectly  straight.  GonsequenUy,  the 
line  of  collimation,  when  the  tube  is  drawn  in,  will  not  coincide  with 
the  same  line  when  the  tube  is  pushed  out.  If  adjusted  for  on* 
position,  it  will  therefore  be  wrong  for  the  other.  These  screws, 
however,  can  make  it  right  in  both  positions.  They  are  used  as 
follows. 

Sight  to  some  well  defined  point  as  far  off  as  it  can  be  distinctly 
seen.  Then  revolve  the  telescope  half  around  in  its  supports; 
i.  e.  turn  it  upside  down.*  K  the  line  of  collimation  was  not  in 
the  imaginary  axis  of  the  rings  or  collars  on  which  the  telescope 
rests,  it  will  now  no  longer  bisect  the  object  sighted  to.  Thus, 
if  the  horizontal  hair  was  too  high,  as  in  Fig.  251«  tLis  line  of 

Fig.  251. 


collimation  would  point  at  first  to  A,  and  after  being  turned  over,  it 
would  point  to  B.  The  error  is  doubled  by  the  reversion,  and  it 
should  point  to  G,  midway  between  A  and  B.  Make  it  do  so,  by  un 
screwing  the  upper  capstan-headed  screw,  and  screwing  in  the  lower 
one,  till  the  horizontal  hair  is  brought  half  way  back  to  the  point. 
Remember  that  in  an  erecting  telescope,  the  cross-hairs  are  reversed, 
and  vice  versa.  Bring  it  the  rest  of  the  way  by  means  of  the 
parallel  plate  screws.  Then  revolve  it  in  the  Ys  back  to  its  orig- 
inal position,  and  see  if  the  intersection  of  the  cross-hairs  now 
bisects  the  point,  as  it  should.  If  not,  again  revolve,  and  repeat 
the  operation  till  it  is  perfected.  If  the  vertical  hair  passes  to  the 
right  or  to  the  left  of  the  point  when  the  telescope  is  turned  half 
around,  it  must  be  adjusted  in  the  same  manner  by  the  other  pair 
of  cross-hairs  screws.  One  of  these  adjustments  may  disturb  the 
other,  and  they  should  be  repeated  alternately.  When  they  are 
perfected,  the  intersection  of  the  cross-hairs,  when  once  fixed  on  a 
point,  will  not  move  from  it  when  the  telescope  is  revolved  in  its 

In  Theodolites,  the  Telegcope  is  revolved  in  the  Yb.  b  Transits,  the  maker, 
lyy  whom  this  adjustment  it  usually  performed,  revolves  the  Telescope,  in  ibm 
fame  manner,  before  it  is  fixed  in  its  cross-bar. 
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sapports*  This  double  operation  is  called  adjusting  the  line  of 
eollimation.* 

This  line  is  now  adjusted  for  distant  objects.  It  would  be  so  for 
near  ones  also,  if  the  tube  were  perfeoUj  straight.  To  test  this, 
d^t  to  some  pomt,  as  near  as  is  distinctly  visible.  Then  turn  the 
telescope  half  over.  K  the  intersection  does  not  now  bisect  the 
point,  bring  it  half  way  there  by  the  screws  G,  C,  of  Fig.  250, 
moving  only  one  of  the  hairs  at  a  time,  as  before.  Then  repeat 
the  former  adjustment  on  the  distant  object.  If  this  is  not  quite 
perfect,  repeat  the  operation. 

This  adjustment,  in  instruments  thus  arranged,  should  precede 
the  first  one  wluch  we  have  explained.  It  is  usually  performed 
by  the  maker,  and  its  screws  are  not  visible  in  the  Transit,  being 
enclosed  in  the  ball  seen  where  the  telescope  is  connected  with 
the  cross-bar.  i 

All  the  adjustments  should  be  meddled  with  as  litQe  as  possible, 
lest  the  screws  should  get  loose ;  and  when  once  made  right  they 
should  be  kept  so  by  careful  usage. 

*  Thii  *'adjafltment  of  the  line  of  collimatinti"  has  merely  brought  the  ioterseo* 
tioo  of  the  croM-hain  (which  ^xe»  the  line  of  si^ht)  into  the  line  joining  the  cen- 
tres of  the  collan  on  which  the  telescope  turns  m  the  Ys ;  but  the  maker  is^  sap- 
poted  to  have  originnU  v  fixed  the  optical  axis  of  thetelescopo  (i.  e.  the  line  joining 
the  optical  centres  r4  the  glasses)  m  the  same  line. 

tTbe  adjaitment    -f  '*  C<'UtriiiK  the  object-glass     is  the  iurentioii  of 
Gurlcy,  of  Troy. 
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THE  FIELD-WORK. 

(M6)  To  Measire  a  h^rizmtal  nglt.    Set  up  the  insiarament 
io  that  its  centre  shall  be  Fig-  S52. 

exactly  over  the  angor 
lar  pointy  or  in  the  in- 
tersection of  the  two 
lines  whose  difference  of 
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direction  is  to  be  measured;  as  at  B  in  the  figure.  A  plumb 
line  must  be  suspended  from  under  the  centre.  Dropping  a 
stone  is  an  imperfect  substitute  for  this.  Set  the  instrument 
so  that  its  lower  parallel  plate  may  be  as  nearly  horizontal  as 
possible.  The  levels  will  senre  as  guides,  if  the  four  parallel-plate 
screws  be  first  so  screwed  up  or  down  that  equal  lengths  of  them 
shall  be  above  the  upper  plate.  Then  level  the  instrument  care- 
fully,  as  in  Art.  (338).  Direct  the  telescope  to  a  rod,  stake,  or 
other  object,  A  in  the  figure,  on  one  of  the  lines  which  form  the 
angle.  Tighten  the  clamps,  and  by  the  tangent-screw,  (see  Art 
(336)),  move  the  telescope  so  that  the  intersection  of  the  cross- 
hairs shall  very  precisely  bisect  this  object.  Note  the  reading  of 
the  vernier,  as  explained  in  the  preceding  chapter.  Then  loosen 
the  clamp  of  the  vernier,  and  direct  the  telescope  on  the  other  line 
(as  to  C)  precisely  as  before,  and  again  read.  The  difference  of 
the  two  readings  will  be  the  desired  angle,  ABC.  Thus,  if  the 
first  reading  had  been  40^  and  the  last  190^,  the  angle  would  be 
150^.  If  the  vernier  had  passed  360^  in  turning  to  the  second 
object,  860°  should  be  added  to  the  last  reading  before  subtract- 
mg.  Thus,  if  the  first  reading  had  been  800°,  and  the  last  read- 
ing 90°,  the  angle  would  be  found  by  calling  the  last  reading,  as 
it  really  is,  860°  +  90°  =  450°,  and  then  subtracting  800°. 

It  is  best  to  sight  first  to  the  left  hand  object  and  then  to  the 
right  hand  one,  turning  ^'  with  the  sun,"  or  like  the  hands  of  a 
watch,  since  the  numbering  of  the  degrees  usually  runs  in  that 
direction. 
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It  is  convenient,  though  not  necessary,  to  begin  by  setting  the 
vernier  at  zero,  by  the  npper  movement  (that  of  the  vernier  plate 
on  the  circle)  and  then,  by  meaikS  of  the  lower  motion,  (that  of 
Ihe  whole  instrament  on  its  axis),  to  direct  the  telescope  to  the  first 
object.  Then  &8ten  the  lower  clamp,  and  sight  to  the  second 
object  as  before.  The  reading  will  then  be  tiie  angle  desired. 
An  objection  to  this  is  that  the  two  verniers  seldom  read  alike.* 

After  one  or  more  angles  have  been  observed  from  one  point, 
the  telescope  mnst  be  directed  back  to  the  first  object,  and  the 
reading  to  it  noted,  so  as  to  make  sure  that  it  has  not  slipped. 
A  watch-telescope  (see  Art.  S80)  renders  this  unnecessary. 

The  error  arismg  from  the  instrument  not  being  set  precisely 
over  the  centre  of  the  station,  will  be  greater  the  nearer  the  object 
nghted  to.  Thus  a  difference  of  one  inch  would  cause  an  error  of 
only  8''  in  the  apparent  direction  of  an  object  a  mile  distant,  but 
one  of  nearly  8'  at  a  distance  of  a  hundred  feet. 

(367)  Rednctira  of  high  and  low  objects.  When  one  of  the 
objects  sighted  to  is  higher  than  the  other,  the  ^'  plunging  tele- 
scope" of  these  instruments  causes  the  angle  measured  to  be  the 
true  horizontal  angle  desired ;  i.  e.  the  same  angle  as  if  a  point 
exactly  under  the  high  object  and  on  a  level  with  the  low  object 
(or  vice  versa)  had  been  sighted  to.  For,  the  telescope  has  been 
caused  to  move  in  a  vertical  plane  by  the  8d  adjustment  of  Chap- 
ter n,  and  the  angle  measured  is  therefore  the  angle  between  the 
vertical  planes  which  pass  through  the  two  objects,  and  which 
^^  project"  the  two  lines  of  sight  on  the  same  horizontal  plane. 

This  constitutes  the  great  practical  advantage  of  these  instru- 
ments over  those  which  are  held  in  the  planes  of  the  two  objects 
observed,  such  as  the  sextant,  and  the  ^^  circle"  much  used  by  the 
French. 


*  The  learner  will  do  well  to  ffange  bia  own  preciaion  and  that  of  the  initnzoeeDt 
(and  he  may  rest  astared  that  hii  own  wiU  be  the  one  chiefly  in  fault)  by  oieasar* 
hg,  from  any  station,  the  angles  between  snceessive  poinu  all  aroaod  bim,  till  he 

Kts  back  to  the  first  point,  beginning  at  difiereut  parts  of  the  circle  for  each  anriot 
le  sam  of  aU  these  angles  ^iomld  exactly  eqaal  360*.    He  will  probably  find 
i|iiite  a  difference  from  that. 
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(S68)  N^tatlM  df  ang^les.  The  angles  obsenred  may  be 
noted  in  vanous  ways.  Thus,  the  observation  of  the  angle  ABC, 
m  Fig.  252,  may  be  noted  "  At  B,  from  A  to  C,  150^,"  or  better, 
"  At  B,  between  A  and  C,  160*."    In  colmnn  form,  this  becomes 


Between  A 
At 


150^ 
B 


and  G. 


When  the  vernier  had  been  set  at  zero  before  sighting  to  the 
first  object,  and  other  objects  were  then  sighted  to,  those  objects, 
the  readings  to  which  were  less  than  180°,  will  be  on  the  left  of 
the  first  line,  and  those  to  which  the  readings  were  more  than 
ISO^t  will  be  on  its  right,  looking  in  the  direction  in  which  thesur* 
vey  is  proceeding,  from  A  to  B,  and  so  on.* 

(869)  Probable  error.  When  a  number  of  separate  observa 
tions  of  an  angle  have  been  made,  the  mean  or  average  of  them  all, 
(obtained  by  dividing  the  sum  of  the  readings  by  theii;  number,) 
is  taken  as  the  true  reading.  The  ^^  Probable  error"  of  this  mesm, 
is  the  quantity,  (minutes  or  seconds)  which  is  such  that  there  is  an 
even  chance  of  the  real  error  being  more  or  less  than  it.  Thus, 
if  ten  measurements  of  an  angle  gave  a  mean  of  85°  18',  and  it 
was  an  equal  wager  that  the  error  of  this  result,  too  much  or  too 
little,  was  half  a  minute,  then  half  a  minute  would  be  the  ^^  Probable 
error"  of  this  determination.  This  probable  error  is  equal  to  the 
square  root  of  the  sum  of  the  squares  of  the  errors  (i.  e.  the  difier- 
ences  of  each  observation  from  the  mean)  divided  by  the  number 
of  observations,  and  multiplied  by  the  decimal  0.674489. 

The  same  result  would  be  obtained  by  using  what  is  called 
^  The  weiffM*  of  the  observation.  It  is  equal  to  the  square  of 
the  number  of  observations  divided  by  twice  the  sum  of  the  squares 
of  the  errors.  The  "  Probable  error"  is  equal  to  0.476986  divided 
by  the  square  root  of  the  weight.  These  rules  are  proved  by  th« 
«  Theory  of  ProbabiUties." 

(S70)   To  repeat  an  anjj^le.    Begm  as  m  Art.  (366),  an 
measure  the  angle  as  there  directed.     Then  unclamp  below, 
and  turn  the  circle  around  till  the  telescope  is  again  directed  to 
the  first  object,  and  made  to  bisect  it  precisely  by  the  lower  tan^ 

*  Thia  ia  rery  naefal  in  preventing  wxf  ambiguily  in  the  field-notn* 


OHAP.  IT.]  The  FieM-w«rk.  258 

gent  screw.  Then  unclamp  above  and  turn  the  vernier  plate  till 
the  telescope  again  points  to  the  second  object,  the  first  reading 
remaining  unchanged.  The  angle  will  now  have  been  measured  a 
second  time,  but  on  a  part  of  the  circle  adjoining  that  on  which  it 
was  first  measured,  the  second  arc  beginning  where  the  .first  ended. 
The  diflference  between  the  first  and  last  readings  will  therefore  be 
twice  the  angle. 

This  operation  maj  be  repeated  a  third,  a  fourth,  or  any  num-< 
ber  of  times,  always  turning  the  telescope  back  to  the  first  object 
by  the  lower  movement,  (so  as  to  start  with  the  reading  at  which 
the  preceding  observation  left  off)  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  difference  of  the  first 
and  last  readings  and  divide  by  the  number  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of  ohervatian 
(i.  e.  sighting  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions ; 
while  the  constant  error  of  graduation  is  reduced  in  proportion  to 
this  number.  This  beautiful  principle  has  some  imperfections  in 
practice,  probably  arising  from  th&  slipping  and  straining  of  the 
clamps. 

(871)  Angles  of  dellectioiit  The  angle  of  deflection  of  one 
line  from  another,  is  the  Pig*  ^^3. 

angle  which  one  line 
makes  with  the  other 
line  produced.  Thus,m 
the  figure,  the  angle  of 
deflection  of  BC  from 
AB,  is  B'BC.    It  is  evidently  the  supplement  of  the  angle  ABO. 

To  measure  it  with  the  Trarmtj  set  the  instrument  at  B,  direct 
the  telescope  to  A,  and  then  turn  it  over.  It  wiU  now  point  in  the 
direction  of  AB  produced,  or  to  B',  if  the  2d  adjustment  of  Chapter 
II,  has  been  performed.  Note  the  reading.  Then  direct  the 
nelescope  to  G.  Note  the  new  reading,  and  their  difference  will 
be  the  required  angle  of  deflection,  B3G. 

If  the  vernier  be  set  at  zero,  before  taking  the  first  observation, 
the  readings  for  objects  on  the  right  of  the  first  Ime  will  be  less  than 


AG .4Mi/<iU— B' 
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180^,  and  more  than  180^  for  objects  on  the  left ;  conversely  to 
Art.  (M8). 

(372)  Line  snrreylng.  The  soryej  of  a  line,  such  as  a  road, 
&c.,  can  be  made  by  the  Theodolite  or  Tranmt,  with  great  precis- 
ion ;  measuring  the  angle  which  each  line  makes  with  the  preced- 
ing Une,  and  notmg  their  lengths,  and  the  necessary  o&ets  on  each 
side. 

Short  lines  of  sight  should  be  avoided,  since  a  slight  inaccuracy 
in  setting  the  centre  of  the  instrument  exactly  over  or  under  the 
point  previously  sighted  to,  would  then  much  affect  the  angle,  as 
noticed  at  close  of  Art.  (366).  Very  great  accuracy  can  be  ob- 
tained by  using  three  tripods.  One  would  be  set  at  the  first  sta- 
tion and  sighted  back  to  from  the  instrument  placed  at  the  second 
station,  and  a  forward  sight  be  then  taken  to  the  third  tripod  placed 
at  the  third  station.  The  instrument  would  then  be  set  on  this 
third  tripod,  a  back  sight  taken  to  the  tripod  remaining  on  the  se- 
cond station,  and  a  foresight  taken  to  the  tripod  brought  from  the 
first  station  to  the  fourth  station ;  to  which  the  instrument  is  next 
taken :  and  so  on.    This  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  as  directed  in  Chapter  DI  of  Com- 
pass Surveying,  pages  149,  &;c.,  the  angles  taking  the  place  of 
the  Bearings.  The  ^^  Checks  by  intersecting  Bearings,"  explained 
in  Art.  (246),  should  also  be  employed.  The  angles  made  on  each 
side  of  the  stations  may  both  be  measured,  and  the  equality  of  their 
sum  to  860°,  would  at  once  prove  the  accuracy  of  the  work. 

If  the  magnetic  Bearing  of  any  one  of  the  lines  be  given,  and 
chat  of  any  of  the  other  lines  of  the  series  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  by  modifications  of  the  rules 
(pven  for  the  reverse  object,  in  Art.  (213). 

(373)  TrarerslHg :  Or  SarreylBg  ky  tke  back-angle*  This  i«i 
a  method  of  observing  and  recording  the  different  directions  of  sue 
cessive  portions  of  a  line,  (such  as  a  road,  the  boundaries  of  a  farm, 
fcc.,)  so  as  to  read  off  on  the  instrument,  at  each  station,  the  angle 
which  each  line  makes — ^not  with  the  preceding  line,  but — ^with  the 
first  line  observed.  This  line  is,  therefore,  called  the  meridian  of 
that  survey. 
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Set  up  the  instrament  at  the  first  angle,  or  second  station,  (B, 
in  the  figure),  of  the  line  to  be  suryeyed.  Sight  to  A  and  then  to 
G.  Clamp  the  vernier,  and  take  the  instrument  to  G.  Loosen 
the  lower  clamp,  and  direct  the  telescope  to  B,  the  reading  remain- 
ing as  it  was  at  B.  Glamp  below,  loosen  above,  and  sight  to  D. 
The  reading  of  the  instrument  will  be  the  angle  which  the  line  GD 
makes  with  the  first  line,  or  Meridian,  AB. 

Take  the  instrument  to  D.  Sight  back  to  G,  and  then  forward 
to  E,  as  before  directed,  and  the  reading  of  the  instrument  will  be 
the  angle  which  DE  makes  with  AB. 

So  proceed  for  any  number  of  lines. 

When  the  Transit  is  used,  the  angles  of  deflection  of  each  Ime 
from  the  first,  obtained  by  reversing  the  telescope,  may  be  used  in 
^^  Traversing,"  and  with  much  advantage  when  the  successive 
lines  do  not  difier  greatly  in  their  directions. 


The  survey  represented  in  the  figure, 
is  recorded  in  the  first  of  the  accompa^ 
nying  Tables,  as  observed  with  the  The- 
odolite ;  and  in  the  second  Table,  as 
observed  with  the  Transit. 


The  chief  advantage  of  this  method  is  its  greater  rapidity  in  the 
field  and  in  platting,  the  angles  being  all  laid  down  from  one  meri- 
dian, as  in  Gompass-surveying.  This  also  increases  the  accuracy 
of  the  plat,  since  any  error  in  the  direction  of  one  line  does  not 
affect  the  directions  of  the  following  lines.* 

(S7I)  Use  of  tke  Compass*  The  chief  use  of  the  Gompass 
attached  to  a  Transit  or  Theodolite,  is  as  a  check  on  the  observa- 
tions ;   for  the  difference  between  the  magnetic  Bearings  of  any 

*  If  there  are  two  Temien ;  take  care  alwaji  to  read  the  degraei  from  the 
•ame  vernier.    Mark  it  A. 


A 

0° 

B 

200° 

C 

60° 

D 

180° 

E 

800° 

F 

210° 

G 

250° 

A 

0° 

B 

20° 

C 

60° 

D 

0° 

E 

800° 

F 

80° 

G 

250° 
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two  lines  should  be  the  same,  approximately,  as  the  angle  between 
ihem,  measured  by  the  more  accurate  instruments.  The  Bearing 
also  prevents  any  ambiguity,  as  to  whether  an  angle  was  taken  to 
the  right  or  to  the  left. 

The  instrument  may  also  be  used  like  a  simple  compass,  ihe  tele- 
scope taking  the  place  of  the  sights,  and  requiring  similar  tests  of 
accuracy.  A  more  precise  way  of  taking  a  Bearing  is  to  turn  the 
plate  to  which  the  compass  box  is  attached,  till  the  needle  points 
to  zero,  and  note  the  reading  of  the  vernier ;  then  sight  to  the 
object,  and  agam  read  the  vernier.  The  Bearing  will  thus  be 
obtained  more  minutely  than  the  divisions  on  the  compass  box 
could  give  it, 

(375)  Measaring  4istances  with  a  telescope  and  rod*     On 

the  cross-hair  ring,  described  in  Art.  (830),  stretch  two  more  hori- 
zontal spider-threads  at  equal  distances  above  and  below  the  ori^ 
nal  one  ;  or  all  may  be  replaced  by  a  plate  of  thin  Fig^s. 
glass,  placed  precbely  in  the  focus,  with  the  necessary 
lines,  as  in  the  figure,  etched  by  fluoric  acid.  Let  a 
rod,  10  or  15  feet  long,  be  held  up  at  1000  feet  off,  and 
let  there  be  marked  on  it. precisely  the  length  which 
the  distance  between  two  of  these  lines  covers.  Let  this  be  subdi- 
vided as  minutely  as  the  spaces,  painted  alternately  white  and 
red  and  numbered,  can  be  seen.  If  ten  subdivinons  are  made, 
each  will  represent  a  distance  of  100  feet  off,  and  so  on.  Con- 
tinue these  divisions  over  the  whole  length  of  the  rod.  It  is  now 
ready  for  use.  The  French  call  it  a  %tadia.  When  it  is  held  up 
at  any  unknown  distance,  the  number  of  divisions  on  it  intercepted 
between  the  two  lines,  will  indicate  the  distance  with  considerable 
precision.    It  should  be  tested  at  various  distances. 

A  "  Levelling-rod,"  divided  into  feet,  tenths  and  hundredths, 
may  be  used  as  a  stacUay  with  less  convenience  but  more  precision. 
Experiments  must  previously  determine  at  what  distances  the 
space  between  the  lines  in  the  telescope  covers  one  foot,  &c.  Then, 
at  any  unknown  distance,  let  the  sliding  '^  target"  of  the  rod  be 
moved  till  one  line  bisects  it,  and  its  place  on  the  rod  be  read  off; 
let  the  target  be  then  moved  so  that  the  other  line  bisects  it  and  let 
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its  place  be  agiun  noted.  Then  the  required  distance  will  be  equal  to 
Hm  difference  of  the  readings  on  the  rod,  in  feet,  mnltiplied  bj  the 
distance  at  which  a  foot  was  intercepted  between  the  lines. 

One  of  the  horizontal  hairs  may  be  made  movable,  and  its  dis^ 
tance  from  the  other,  when  the  space  between  them  exactly  coyers 
an  object  of  known  height,  can  be  very  precisely  measured  by 
connting  the  number  of  turns  and  fractions  of  a  turn,  of  a  screw 
by  wUch  this  movable  ludr  is  raised  or  lowered.  A  simple  pr(h 
portion  will  then  ^ve  the  distance. 

On  sloping  ground  a  double  correction  is  necessary  to  reduce 
the  dope  to  the  horizon  and  to  correct  the  oblique  view  of  the  rod. 
The  horizontal  distance  is,  in  consequence,  approximately  equal  to 
the  observed  distance  multiplied  by  the  square  of  the  cosine  of  the 
slope  of  the  ground. 

The  latter  of  the  above  two  corrections  will  be  dispensed  with 
by  holding  the  rod  perpendicular  to  the  line  of  sight,  with  the  aid 
of  a  right  angled  triangle,  one  side  of  which  coincides  with  the  rod 
at  the  height  of  the  telescope,  and  the  other  side  of  which  adjoining 
the  right  angle,  is  caused,  by  leaning  the  rod,  to  point  to  the  tele* 
scope. 

Other  contrivances  have  been  used  for  the  same  object,  such  as 
a  Binocular  Telescope  with  two  eye-pieces  inclined  at  a  certun 
angle;  a  Telescope  with  an  object-glass  cut  into  two  movable 
parts;  &c. 

(376)  Ranging  eit  linest  This  is  the  converse  of  Surveymg 
Hnes.  The  instrument  is  fixed  over  the  first  station  with  great 
precision,  its  telescope  bemg  very  carefully  adjusted  to  move  in  a 
vertical  plane.  A  series  of  stakes,  with  nails  driven  in  their  tops, 
or  otherwise  well  defined,  are  then  set  in  the  desired  line  as  fai 
as  the  power  of  the  instrument  extends.  It  is  then  taken  forward 
to  a  stake  three  or  four  from  the  last  one  set,  and  is  fixed  over  it, 
first  by  the  plumb  and  then  by  sighting  backward  and  forward  to 
the  first  and  last  stake.  The  line  is  then  continued  as  before.  A 
good  object  for  a  long  sight  is  a  board  painted  like  a  target,  with 
black  and  white  concentric  rings,  and  made  to  slide  in  gr>oves  out 
in  the  tops  of  two  stakes  set  m  the  ground  about  in  the  fine.    It 

17 
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IB  moved  till  the  rertical  hair  bisects  the  circles  (which  the  eye 
can  determine  with  great  preciaon)  and  a  plmnl>4ine  dropped  firom 
their  centre,  ^yes  the  place  of  the  stake.  '^  Mason  k  Dixon's 
Line"  was  Ihns  ranged. 

If  a  Transit  be  used  for  ran^ng,  its  ^^  Second  Adjustment^  is 
most  important  to  ensure  the  accuracy  of  the  reyersal  of  its  Tele* 
scope.  If  a  Theodolite  be  used,  the  line  is  continned  by  tonung 
the  yemier  180^,  or  by  reyersing  the  telescope  in  its  Y^i  ^  noticed 
in  Arts.  (S25)  and  (S62). 

(S77)  Farm  Sureytig,  Jte«  A  large  &rm  can  be  most  eaoly 
and  accurately  suryeyed,  by  measuring  the  an^es  of  its  main  boun* 
daries  (and  a  few  main  diagonals,  if  it  be  very  large,)  with  a  The- 
odolite or  Transit,  as  m  Arts.  (S<6)  or  (S71),  and  filling  up  the 
interior  details,  as  fences,  &c.,  with  the  Compass  and  Chain. 

If  the  TheodoUU  be  used,  Fig.  256. 

keep  the  field  on  the  left 
band,  as  in  following  the  or- 
der of  the  letters  in  this 
figure,  and  turn  the  telescope 
around  ^^  with  the  sun,"  and 
llie  CAgles  measured  as  in  d 
Art.  (S66),  will  be  the  interior  angles  of  the  field,  as  noted  in  the 
figure. 

The  accuracy  of  the  work  will  be  proyed,  as  alluded  to  in 
Art  (2(7),  if  the  sum  of  all  the  interior  angles  be  equal  to  the  pro- 
duet  of  180^  by  the  number  of  rides  of  the  figure  less  two.  Thus 
in  the  figure,  the  sum  of  all  the  interior  angles  =  540^  =  180^  X 
(5  —  2).  The  sum  of  the  exterior  angles  would  of  course  equal 
180«  X  (5  +  2)  =  1260^ 

If  the  Trandb  be  used,  the  farm  should  be  kept  on  the  right 
ihand,  and  then  the  angles  measured  will  be  the  supplements  of  the 
anterior  angles.  If  the  angles  to  the  right  be  called  poritivty  and 
ithose  to  the  left  negative^  their  algebraic  sum  should  equal  860^. 

If  the  boundary  lines  be  surveyed  by  "  Traversing,"  as  in  Art. 
«(S7S),  the  reading,  on  getting  back  to  the  last  station  and  looking 
%ack  to  the  first  line,  should  be  SeO"",  or  0"". 
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The  content  of  any  snr&ce  survejed  hj  "  Traversing  "  with  the 
Transit  can  be  calculated  by  the  Traverse  Table,  as  m  Chapter 
YI9  of  Part  m,  by  the  following  modification.  When  the  angle 
of  deflection  of  any  side  from  the  first  side,  or  Meridian,  is  less  than 
90^,  call  this  angle  the  Bearing,  find  its  Latitude  and  Departure, 
and  call  them  both  plus.  When  the  angle  is  between  90^  and 
180^,  call  the  difference  between  the  angle  and  180^  the  Bearing, 
and  call  its  Latitude  minus  and  its  Departure  plu$.  When  the 
angle  is  between  180''  and  270"",  call  its  difference  from  180''  tiie 
Bearing,  and  call  its  Latitude  miims  and  its  Departure  minus. 
When  the  angle  is  more  than  270^,  call  its  difference  from  360^ 
the  Bearing,  and  call  its  Latitude  plus  and  its  Departure  minus. 
Then  use  these  as  in  getting  the  content  of  a  Compass-survey. 
The  signs  of  the  Latitudes  and  Departures  foUow  those  of  the 
cosmos  and  sines  in  the  successive  quadrants. 

JbtvfirSurve^ng  would  be  performed  as  directed  m  Art.  (261), 
substituting  ^^  angles "  for  ^^  Bearings."  ^'  Traversing"  is  the  best 
method  in  all  these  cases. 

Liaecessible  areas  would  be  surveyed  nearly  as  in  Art.  (184), 
except  that  the  angles  of  the  lines  enclosing  the  space  would  be 
measured  with  the  instrument,  instead  of  with  the  chain. 

(878)  Plattlngt  Any  of  these  surveys  can  be  platted  by  any 
of  the  methods  explained  and  characterized  in  Chapter  IV,  of  the 
preceding  Part.  A  circular  Protractor,  Art.  (264),  may  be 
regarded  as  a  Theodolite  placed  on  the  paper.  ^'  Platting  Bear- 
ings," Art.  (265),  can  be  employed  when  the  survey  has  been 
made  by  ^^  Traversmg."  But  the  method  of  ^^  Latitudes  and  De- 
pttrtores,"  Art.  (285),  is  by  far  the  most  accurate. 
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TRIANGULAR  SURVEYING: 

OR 

By  the  Fourth  Method. 

(879)  Trianqulab  Subvetinq  is  founded  on  the  Fourth  Methoa 
of  determining  the  position  of  a  point,  bj  the  intersection  of  two 
kno?m  lines,  as  given  in  Art.  (8).  ^7  an  extension  of  the  princi- 
ple, a  field,  a  farm,  or  a  country,  c£^%e  surveyed  by  measuring 
only  one  line,  and  calculating  all  the  other  desired  distances,  which  are 
made  sides  of  a  connected  series  of  imaginary  IManffleSy  whose 
angles  are  carefully  measured.  The  district  surveyed  is  covered 
with  a  sort  of  net-work  of  such  trian^es,  whence  the  name  ^ven  to 
this  kind  of  Surveying.  It  is  more  commonly  called  '^  Trigonome- 
trical Surveying;"  and  sometimes  "  Geodesic  Surveying,"  but  im- 
properly, since  it  does  not  necessarily  take  into  account  the  curv* 
ature  of  the  earth,  though  always  adopted  in  the  great  surveys  in 
which  that  is  considered. 

(380)  Oatline  itf  operationst  A  hose  line^  as  long  as  possible, 
(5  or  10  miles  in  surveys  of  countries),  b  measured  with  extreme 
accuracy. 

From  its  extremities,  angles  are  taken  to  the  most  distant  objects 
visible,  such  as  steeples,  signals  on  mountain  tops,  &c. 

The  distances  to  these  and  between  these  are  then  calculated  by 
the  rules  of  Trigonometry. 

The  mstrument  is  then  placed  at  each  of  these  now  stations,  and 
angles  are  taken  from  them  to  still  more  distant  stations,  the  calcu- 
lated lines  being  used  as  new  base  lines. 

This  process  is  repeated  and  extended  till  the  whole  district  is 
embraced  by  these  ^^  primary  triangles  "  of  as  large  sides  as  possible 
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One  aide  of  the  last  triangle  is  bo  located  that  its  length  can  be 
obtained  by  measorement  as  weU  as  by  calcnlation,  and  the  agree- 
ment of  the  two  proves  the  accuracy  of  the  whole  work. 

Within  these  primary  triangles,  ieeondary  or  smaller  triangles 
are  formed,  to  fix  the  position  of  the  minor  local  details,  and  to 
lerre  as  starting  points  for  common  snryeys  with  chain  and  com- 
pass, &o.    Tertiary  triangles- may  also  be  required. 

The  larger  triangles  are  first  formed,  and  the  smaller  ones  based 
on  them,  in  accordance  with  the  important  principle  in  all  surrey- 
mg  operations,  always  to  work  from  the  whole  to  the  parts,  and  from 
greater  to  less. 

Each  of  these  steps  will  now  be  ccncddered  in  turn,  in  (he 
following  order : 

1.  The  Base ;  articles  (i»    ),  (882). 

2.  The  Triangulation ;  articles  (SSS)  to  (190). 

8.  Modifications  of  the  method ;  articles  (191)  to  (995). 

(981)  Measariig  a  Base*  Extreme  accuracy  in  this  is  neces- 
sary, because  any  error  in  it  will  be  multiplied  in  the  subsequent 
work.  The  ground  on  which  it  is  located  must  be  smooth  and  nearly 
leyel,  and  its  extremities  must  be  in  sight  of  the  chief  points  in  the 
neighborhood.  Its  point  of  beginning  must  be  marked  by  a  stone 
set  in  the  ground  with  a  bolt  let  into  it.  Over  this  a  Theodolite 
or  Transit  is  to  be  set,  and  the  line  '^  ranged  out"  as  dvected  in 
Art.  (976).  The  measurement  may  be  made  with  chiuns,  (which 
should  be  formed  like  that  of  a  watch,)  &;c.  but  best  with  rods.  We 
will  notice  in  turn  their  MateriaUy  SupparU,  Alinement^  Levelling^ 
and  Contact, 

As  to  MatertalSj  iron,  brass  and  other  metals  have  been  used, 
but  are  greatly  lengthened  and  shortened  by  changes  of  tempersr 
ture.  Wood  is  affected  by  moisture.  Glass  rods  find  tubes  are 
preferable  on  both  these  accounts.  But  wood  is  the  most  conye- 
nient.  Wooden  rods  should  be  straight-grained  white  pine,  &c. ; 
well  seasoned,  baked,  soaked  in  boiling  oil,  painted  and  yamished. 
They  may  be  trussed,  or  firamed  like  a  mason's  plumb-line  leyel,  to 
prevent  their  bending.  Ten  or  fifteen  feet  is  a  conyenient  length. 
Three  are  required,  which  may  be  of  different  colors,  to  prevenl 


262  TRIiNGPLAR  SURTETIRC.  [part  ? 

oustakes  in  recording.  They  mast  be  yery  carefully  compared 
with  a  standard  measure. 

8wpport%  must  be  provided  for  the  rods,  in  accurate  work, 
^osts  set  in  line  at  distances  equal  to  the  length  of  the  rods,  may 
be  driven  or  sawed  to  a  uniform  line,  and  the  rods  laid  on  them, 
either  directly,  or  on  beams  a  little  shorter.  Tripods,  or  trestles, 
with  screws  in  their  tops  to  raise  or  lower  the  ends  of  the  rods 
resting  on  them,  or  blocks  with  three  long  screws  passing  through 
them  and  serving  as  legs,  may  also  be  usul.  Staves,  or  legs,  for 
the  rods  have  been  used ;  these  leg?  bearing  pieces  which  can  slide 
up  and  down  them  and  on  which  the  rods  themselves  rest. 

The  AUnertMint  of  the  rods  can  be  effected,  if  they  are  liud  on 
the  ground,  by  strings,  two  or  three  hundred  feet  long,  stretched 
between  the  stakes  set  in  the  line,  a  notched  peg  being  driven  when 
the  measurement  has  reached  the  end  of  one  string,  which  is  then 
taken  on  to  the  next  pair  of  stakes ;  or,  if  the  rods  rest  on  supports, 
by  projecting  points  on  the  rods  being  alined  by  the  instrument. 

The  LeveUing  of  the  rods  can  be  performed  with  a  common 
mason's  level ;  or  their  angle  measured,  if  not  horizontal,  by  a 
"  slope-level." 

The  Contacts  of  the  rods  may  be  effected  by  bringing  them  end 
to  end.  The  third  rod  must  be  applied  to  the  second  before  the 
first  has  been  removed,  to  detect  any  movement.  The  ends  must 
be  protected  by  metal,  and  should  be  rounded  (with  radius  equal 
to  length  of  rod)  so  as  to  touch  in  only  one  point.  Bound-headed 
nails  will  answer  tolerably.  Better  are  small  steel  cylinders,  hori- 
zontal on  one  end  and  vertical  on  the  other.  Sliding  ends,  with 
verniers,  have  been  used.  K  one  rod  be  higher  than  the  next  one, 
one  must  be  brought  to  touch  a  plumb-line  which  touches  the  other, 
and  its  thickness  be  added.  To  prevent  a  shock  from  contact,  the 
rods  may  be  brought  not  quite  in  contact,  and  a  wedge  be  letdown 
between  them  till  it  touches  both  at  known  points  on  its  graduated 
edges.  The  rods  may  be  laid  side  by  side,  and  lines  drawn  across 
the  end  of  each  be  made  to  coincide  or  form  one  line.  This  is  more 
accurate.  Still  better  is  a  ^^  visual  contact,"  a  double  microscope 
with  cross-hairs  being  used,  so  placed  that  one  tube  bisects  a  dot 
tt  the  end  of  one  rod,  and  the  other  tube  bisects  a  dot  at  the  end 
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of  tihe  next  rod.    The  rods  thus  never  toach.    The  distance 
between  the  two  sets  of  cross-hairs  is  of  course  to  be  added. 

A  Base  could  be  measured  oyer  very  uneven  ground,  or  even 
water,  by  suspending  a  series  of  rods  from  a  stretched  rope  by 
rings  in  which  they  can  move,  and  levelling  them  and  bringing 
them  into  contact  as  above. 

C382)  Corrections  of  Base,  K  the  rods  were  not  level,  their 
length  must  be  reduced  to  its  horizontal  projection.  This  \?Duld 
be  the  square  root  of  the  difference  of  the  squares  of  the  length  of 
the  rod  (or  of  the  base)  and  of  the  height  of  one  end  above  the 
)ther ;  or  the  product  of  the  same  length  by  the  cosine  of  the 
angle  which  it  makes  with  the  horizon.* 

If  the  rods  were  metallic,  they  would  need  to  be  ccrrected  for 
temperature.  Thus,  if  an  iron  bar  expands  1^0^66  of  its  length 
for  1^  Fahrenheit,  and  had  been  tested  at  82^,  and  a  Base  had  been 
measured  at  72^  with  such  a  bar  10  feet  long,  and  found  to  contaii 
8000  of  them,  its  apparent  length  would  be  80,000  feet,  but  itt 
real  length  would  be  8.4  feet  more.  An  iron  and  a  brass  ba 
can  be  so  combined  that  the  difference  of  their  expansion 
causes  two  points  attached  to  their  ends  to  remain  at  the  sami 
distance  at  all  temperatures.  Such  a  combination  is  used  on 
the  U.  S.  Coast  Survey. 

(S8S)  Choice  of  Stations.  The  stations,  or  ^^  Trigonometrical 
points,"  which  are  to  form  the  vertices  of  the  triangles,  and  to  be 
observed  to  and  from,  must  be  so  selected  that  the  resulting  trian- 
gles may  be  ^*  well-conditioned,"  i.  e.  may  have  such  sides  and  angles 
that  a  small  error  in  any  of  the  measured  quantities  will  cause  the 
least  posffible  errors  in  the  quantities  calculated  from  them.  The 
higher  Calculus  shows  that  the  triangles  should  be  as  nearly  equi- 
lateral as  possible.  This  is  seldom  attainable,  but  no  angle  should 
be  admitted  less  than  80^,  or  more  than  120^.t 

*  More  precisely,  A  being  this  angle,  and  not  more  than  2«  or  3^,  the  differ 
•Dce  between  the  inclined  and  horizontal  lengths,  eqaals  the  inclined  or  real 
length  multiplied  by  the  sqaare  of  the  minates  in  A,  and  that  by  the  decimal 
0.00000004231 ;  as  shewn  in  Appendix  D.  In  a  Geodesic  sarvey,  the  base  would 
also  be  required  to  be  reduced  to  the  level  of  the  sea. 

t  When  two  angles  only  are  observed,  as  is  often  the  case  in  the  secondary 
Iriargalation,  the  unobserved  angle  ought  to  be  nearly  a  right  angle. 
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2b  txUfnd  the  trianguiatianj  by  contmually  inorehsing  the  sides 
of  the  triangles,  without  introdacing  ^^ill-conditio&ed"  triangles, 
may  be  eflfected  as  in  the  figure.    AB  is  the  measured  base 

Fig.  257 


C  and  D  are  the  nearest  stations.  In  the  triangles  ABC  and  ASD, 
all  the  angles  being  observed  and  the  side  AB  known,  the  other 
sides  can  be  readily  calculated.  Then  in  each  of  the  trian^es 
DAG  and  DBO,  two  sides  and  the  contained  angles  are  ^ven  to  find 
DC,  one  calculation  checking  the  other.  DC  then  becomes  a  base 
to  calculate  EF ;  which  is  then  used  to  find  GH ;  and  so  on. 

The  fewer  primary  stations  used,  the  better ;  both  to  prevent 
confusion  and  because  the  smaller  number  of  triangles  makes  the 
correctness  of  the  results  more  ^^  probable." 

The  United  States  Coast  Survey,  under  the  superintendence  of 
Prof.  A.  D.  Bache,  displays  some  fine  illustrations  of  these  princi- 
ples, and  of  the  modifications  they  may  undergo  to  suit  various 
localities.  The  figure  on  the  opposite  page  represents  part  of  the 
scheme  of  the  primary  triangulation  resting  on  the  Massa* 
chusetts  base  and  including  some  remarkably  well-oonditioned 
triangles,  as  well  as  the  system  of  quadrilaterals  which  is  a  valuable 
feature  of  the  scheme  when  the  sides  of  the  triangles  are  extended 
to  considerable  lengths,  and  quadrilaterals,  with  both  diagonal 
determined,  take  the  place  of  simple  triangles. 

The  engramg  is  on  a  scale  of  1 :  1200,000. 
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(S84)  Sii^nalSf    They  must  be  high,  oonspicuouSy  and  so  madt 
that  the  instrument  can  be  placed  precisely  under  them. 

Three  or  four  timbers  framed  into  a  Fig.  859. 

pyramid,  as  in  the  figure,  nfith  a  long  mast 
projecting  above,  fulfil  the  first  and  last 
conditions.  The  mast  may  be  made  verti- 
cal by  directing  two  theodolites  to  it  and  ad- 
justing it  so  that  their  telescopes  follow  it 
up  and  down,  their  lines  of  sight  being  at 
right  angles  to  each  other.  Guy  ropes 
may  be  used  to  keep  it  vertical. 

A  very  excellent  signal,  used  on  the  Massachusetts  State  Survey, 
by  Mr.  Borden,  is  represented  in  the  three  followmg  figures.    It 


Fig.  260. 


Fig.  261. 


Fig.  262 


consists  merely  of  three  stout  sticks,  which  form  a  tripod,  framed 
with  the  signal  staff,  by  a  bolt  passing  through  their  ends  and  its 
middle.  Fig.  260  represents  the  signal  as  framed  on  the  ground ; 
Fig.  261  shews  it  erected  and  ready  for  observation,  its  base  being 
steadied  with  stones ;  and  Fig.  262  shews  it  with  the  staff  turned 
aside,  to  make  room  for  the  Theodolite  and  its  pro-  Fig.  263 
tecting  tent.  The  heights  of  these  signals  varied  be- 
tween 15  and  80  feet. 

Another  good  signal  consists  of  a  stout  post  let  mto 
the  ground,  with  a  mast  fastened  to  it  by  a  bolt  below 
and  a  collar  above.  By  opening  the  collar,  the  mast 
can  be  turned  down  and  the  Theodolite  set  exactiy 
under  the  former  summit  of  the  signal,  i.  e.  in  its  verti- 
cal axis. 

Sifmals  should  have  a  height  equal  to  at  least  ji^sis  of  their  dS^ 
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tftDce,  8C  as  to  subtend  an  angle  of  half  a  minate,  ^hich  expe* 
rience  has  shown  to  be  the  least  allowable. 

To  make  the  tops  of  the  signal-masts  conspicuous,  flags  may  be 
attached  to  them ;  white  and  red,  if  to  be  seen  against  the  ground, 
and  red  and  green  if  to  be  seen  against  the  skj.*  The  motion  of 
flags  renders  them  visible,  when  mnch  larger  motionless  objects 
are  not.  But  they  are  useless  in  calm  weather.  A  disc  of  shee^ 
iron,  with  a  hole  in  it,  is  very  conspicuous.  It  should  be  arranged 
BO  as  to  be  turned  to  face  each  station.  A  barrel,  formed  of  mus- 
lin sewn  together  four  or  five  feet  long,  with  two  hoops  in  it  two 
feet  apart,  and  its  loose  ends  sewn  to  the  signal-staff,  which  passes 
through  it,  is  a  cheap  and  good  arrangement.  A  tufb  of  pine  boughs 
&stened  to  the  top  of  the  staff,  will  be  well  seen  against  the  sky. 

In  sunshine,  a  number  of  pieces  of  tin  nailed  to  the  staff  at  dif« 
ferent  angles,  will  be  very  conspicuous.  A  truncated  cone  of 
burnished  tin  will  reflect  the  ^un's  rays  to  the  eye  in  almost  every 
situation.  £ut  a  "  heliotrope,"  which  is  a  piece  of  looking-glass, 
so  adjusted  as  to  reflect  the  sun  directiy  to  any  desired  point,  is 
the  most  perfect  arrangement. 

For  night  signals,  an  Argand  lamp  is  used ;  or,  best  of  all,  Drum- 
mond's  light,  produced  by  a  stream  of  oxygen  gas  directed  through 
a  flame  of  alcohol  upon  a  ball  of  lime.  Its  distinctness  is  exceed- 
ingly increased  by  a  parabolic  reflector  behind  it,  or  a  lens  in  front 
of  it.     Such  a  light  was  brilliantiy  visible  at  66  miles  distance.* 

(385)  Observations  of  the  Angles.  These  should  be  repeated 
as  often  as  possible.  In  extended  surveys,  three  sets,  of  ten  each, 
are  recommended.  They  should  be  taken  on  different  parts  of  the 
circle.  In  ordinary  surveys,  it  is  well  to  employ  the  method  of 
^  Travenong,"  Art.  (873).    In  long  sights,  the  state  of  the  atmo» 


*  To  determine  at  a  station  A* 
whethef  its  signal  can  be  seen 
from  B»  projected  against  the 
sky  or  not,  measure  the  Teitical 
angles  BAZ  and  ZAO.  If  their 
sam  equals  or  exceeds  ISO*,  A 
wiU  be  thus  seen  from  B.  If 
m&tf  the  signal  at  A  mast  be  rais 
•d  till  this  sum  equals  ISO^ 
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phere  haa  a  very  remarkable  effect  on  boiib  tbe  ▼isihilifej  of  die 
signalfl,  aad  on  the  correctness  of  the  ob6er?ations. 

When  many  angles  are  taken  from  one  station,  it  is  important  to 
record  them  by  some  uniform  system.  The  form  g^ven  below  is 
conyenient.  It  will  be  noticed  that  only  the  minutes  and  seconds 
of  the  second  vernier  are  employed,  the  degrees  being  all  taken 
from  the  first. 


Oh%erv€Dtion$  < 

frf  .  ,.      .  ... 

■TATION 

RXAD1N08. 

MEAN 
RXADI90. 

right  or  lbit  uf 
prbcbd'o  obj't. 

jOBSlRTXD  TO 

▼  BRNIBR  A. 

VCRNIKR  B. 

RBMARXa. 

• 

A 

B 
0 

70*  ly     0" 
103*  32'  20" 
115®  14'  20" 

IS*   40" 

32'  40" 
14'  50" 

70"  IS*  50" 
103»  82*  30" 
115*  14'  35" 

R. 
R. 

When  the  angles  are  ^^  repeated,"  Art  (S70),  the  multiple 
arcs  will  be  restored  under  each  other,  and  the  mean  of  the 
seconds  shewn  by  all  the  verniers  at  the  first  and  last  readings  be 
adopted. 

(88<)  Reincttoi  to  the  centre.  It  is  often  imposable  to  set 
the  mstrument  precisely  at  or  under  the  signal  which  has  been 
observed.    In  such  cases  pn>  Fig.  265. 

ceed  thus.  Let  C  be  the  cen« 
tre  of  the  signal,  and  BGL  the 
desired  angle,  B  being  the  right 
hand  object  and  L  the  left  hand 
one.  Set  the  instrument  at  D, 
as  near  as  possible  to  C,  and  measure  the  angle  BDL.  It  may  be 
less  tiian  BCL,  or  greater  than  it,  or  equal  to  it,  according  as  D 
lies  without  the  circle  passing  through  0,  L  and  B,  or  witiiin  it,  or  in 
its  circumference.  The  instrument  should  be  set  as  nearly  as  pos- 
sible in  this  last  portion.  To  find  the  proper  correction  for  the 
observed  angle,  observe  also  the  angle  LDG,  (called  the  angle  of 
direction),  counting  it  from  O''  to  860^,  gomg  from  the  left-hand 
object  toward  the  left ;  and  measure  the  distance  DC.  Calculate 
the  distances  CB  and  CL  with  the  angle  BDL  instead  of  BCL, 
nnce  they  are  sufficientiy  nearly  equal.    Then 
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i>nT       OM    .  CD .  Bin.  (RDL  +  LDC)       CD.sin.  LDC, 
ROI.  =  EDL  + ca..u..l" ■ CL.ii...r- 

The  last  tvo  terms  vQl  be  the  number  of  seconds  to  be  added 
w  sabtmcted.  The  l^igonometrical  eigos  of  tte  unes  must  be 
attended  to.  The  log.  on.  1'  =4. 6855749.  Instead  of  dinding 
hj  sin.  1",  the  correctioQ  iritboat  it,  which  trill  be  a  ver/  smaU 
fraction,  maj  be  reduced  to  sectnida  bj  multiplying  it  b;  206265. 

£xampU.  Let  RDL  =  82"  20'  18"  .06 ;  LDC  =  101°  15'  82"  .4 ; 
CD  =  0.9;  011  =  85845.12;  0L  =  29T8S.l. 

The  first  term  of  the  correction  will  be  +  3".750,  and  the 
lecond  term — 6".113.  Therefore,  the  observed  angle  HDL 
most  be  diminished  by  2" .363,  to  redaoe  it  to  the  de^red  angle 
RCL. 

Moch  calculation  may  be  saved  by  takmg  the  station  D  so  that 
all  the  ugnals  to  be  observed  can  be  seen  &om  it.  Then  only  a 
single  distance  and  angle  of  direction  need  be  measured. 

It  may  also  happen  that  tbe  centre,  C,  of  the 
signal  cannot  be  seen  from  D.  Thus,  if  the  ngnal 
be  a  solid  circular  tower,  set  the  Theodolite  at  D, 
and  turn  its  telescope  so  that  its  line  of  sight  be- 
comes  tangent  to  the  tower  at  T,  T' ;  measure  on 
Aese  tangents  equal  distances  DE,  DF,  and  direct 
the  telescope  to  Uie  middle,  G,  of  the  line  EF.  It 
will  then  point  to  the  centre,  C ;  and  the  distance  I 
the  distance  &om  D  to  the  tower  plus  the  radius  obtmed  by  mea- 
auiing  Uie  circumference. 

If  the  ngna'.  be  rectangular,  measure  DE,  DF. 
Take  any  point  G  on  DE,  and  on  DF  set  off  DH         '^' 

ttDG^I.    Then  is  GH  parallel  to  EF,  (since 

DG  :  DH  : :  DE  :  DF)  and  the  telescope  directed 
to  its  middle,  K,  will  point  to  the  middle  of  the 
diagonal  EF.  We  shall  also  bave  DC  =  DK  ^. 
hay  such  case  may  be  solved  by  sunilar  methods. 

For  Ibe  iaveiligntioD,  teo  Appandti  B. 
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The  ^^Phase^'  of  objects  is  the  effect  produced  by  the  sun 
shining  on  only  one  side  of  them,  so  that  the  telescope  will  be 
directed  from  a  distant  station  to  the  middle  of  that  bright  £de 
instead  of  to  the  tnie  centre.  It  is  a  source  of  error  to  be  guarded 
against.    Its  effect  may  however  be  calculated. 

(S87)  Correettoi  of  the  aigles.  When  all  the  angles  of  any 
triangle  can  be  observed,  their  sum  should  equal  180.*  If  not  they 
must  be  corrected.  If  all  the  observations  are  considered  equally 
accurate,  one-third  of  the  difference  of  their  sum  from  1^0^,  is  to  be 
added  to,  or  subtracted  from,  each  of  them.  But  if  the  angles  are 
the  means  of  unequal  numbers  of  observations,  their  errors  may  be 
considered  to  be  inversely  as  those  numbers,  and  they  may  be  cor- 
rected by  this  proportion ;  A%  the  sum  of  the  reciprocals  of  each 
of  the  three  numbers  of  observations  Is  to  the  whole  error,  iSo  i$ 
the  reciprocal  of  the  number  of  observations  of  one  of  the  angles 
lb  its  correction.  Thus  if  one  angle  was  the  mean  of  three  obser- 
vations, another  of  four,  and  the  third  of  ten,  and  the  sum  of  all  the 
angles  was  180°  8',  the  first  named  angle  must  be  diminished  by 
the  fourth  term  of  this  proportion ;  J  +  J  +  rV  •  8' : :  J  :  1'  27".8. 
The  second  angle  must  in  like  manner  be  diminished  by  1'  5".9  ; 
and  the  third  by  26^'.8.     Their  corrected  sum  will  then  be  180^. 

It  is  still  more  accurate  but  laborious,  to  apportion  the  total 
error,  or  difierence  from  180°,  among  the  angles  inversely  as  the 
"  Weiffhts"  explained  in  Art.  (SC9).  On  the  U.  S.  Coast  Survey,  in 
six  triangles  measured  in  1844  by  Prof.  Bache,  the  greatest  error 
was  six-tenths  of  a  second. 

(388)  Calcalatton  and  plaUin;.  The  lengths  of  the  sides  of 
tiie  triangles  should  be  calculated  with  extreme  accuracy,  in  two 
ways  if  possible,  and  by  at  least  two  persons.  Plane  Trigonometry 
may  be  used  for  even  large  surveys ;  for,  though  these  sides  are 
really  arcs  and  not  straight  lines,  the  difference  will  be  only  one- 

*  If  the  tnaofflei  were  very  large,  they  would  have  to  be  regarded  aa  apfaerica], 
and  the  lum  of  their  angles  womd  be  more  than  180^ ;  but  this  **  spherical  ex 
eess"  would  be  only  I''  for  a  triangle  containing  76  square  miles,  1  for  4500 
myoLv^  mil«iSy  &c.;  and  may  therefore  be  neglected  in  all  ordinary  surveying  ope* 
nuions. 
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twentieth  of  a  foot  in  a  distance  of  11]^  miles ;  half  a  foot  in  28 
miles ;  a  foot  in  84j^  miles,  &c. 

The  platting  is  most  correctly  done  bj  constructing  the  triangles, 
as  in  Art.  (90)  9  by  means  of  tiie  calculated  lengths  of  their  sides. 
K  the  measured  angiles  are  platted,  the  best  method  is  that  of 
ehords,  Art.  (27<).  If  many  triangles  are  successiyely  based  on 
<me  another,  they  will  be  platted  most  accurately,  by  referring  aU 
their  sides  to  some  one  meridian  line  by  means  of  '^  Bectangular  Co* 
ordinates,"  the  Method  of  Art.  (6),  and  platting  as  in  Art.  (277*) 
In  the  surrey  of  a  country,  this  Meridian  would  be  the  true  North 
and  South  line  passmg  through  some  well  determined  point. 

* 

(S89)  Base  of  Teriflcation.  As  mentioned  in  Art.  (^),  a 
nde  of  the  last  triangle  is  so  located  that  it  can  be  measured,  as 
was  the  first  base.  K  the  measured  and  calculated  lengths  agree, 
this  proves  the  accuracy  of  all  the  previous  work  of  measurement 
and  calculation,  since  the  whole  is  a  chain  of  which  this  is  the  last 
link,  and  any  error  in  any  previous  part  would  affect  the  very  last 
line,  except  by  some  improbable  compensation.  How  near  the 
agreement  should  be,  will  depend  on  the  nicety  desired  and  attained 
m  the  previous  operations.  Two  bases  60  miles  distant  differed 
on  one  great  English  survey  28  inches ;  on  another  one  inch ;  and 
on  a  French  triangulation  extending  over  600  miles,  the  difference 
was  less  than  two  feet.  Results  of  equal  or  greater  accuracy  are 
obtained  on  the  U.  S.  Coast  Survey. 

• 

(SM)  Iftterior  flUioir  i^P«  The  stations  whose  positions  have 
been  determined  by  the  triangulation  are  so  many  fixed  points, 
from  which  more  minute  surveys  may  start  and  mterpolate  any 
other  points.  The  Trigonometrical  points  are  like  the  observed 
Latitudes  and  Lon^tudes  which  tiie  mariner  obtains  at  every  oppor 
tunity,  so  as  to  take  a  new  departure  from  them  and  determine 
his  course  in  the  intervals  by  the  less  precise  methods  of  his  com* 
pass  and  log.  The  chief  interior  points  may  be  obtidned  by  ^^  Se- 
condary Triangulation,"  and  the  mmor  details  be  then  filled  in  by 
any  of  the  methods  oi  surreying,  with  Chain,  Compass,  or  Tranrit, 
already  expluned,  or  by  the  Plane  Table,. described  in  Part  YIII. 
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WiiSbL  3ie  Transit  or  Theodolite,  ^^  Trayersing"  is  the  best  mode  of 
smrejing,  the  instroment  being  set  at  sero,  and  being  tiien 
directed  from  one  of  the  Trigonometrical  points  to  anoiiiery  which 
line  therefore  becomes  the  ^^  Meridian"  of  that  snryej.  On  reach- 
ing this  second  point,  in  the  coorse  of  the  survey,  and  sighting  back 
to  tiie  first,  the  reading  should  of  course  be  0^,  as  exjdained  in 
Art.  (877). 

(Ml)  Radiatiiir  TriaigHlation.  This  name  may  be  giren  W 
a  method  shown  in  the  figure.    Choose  Fig.  268. 

a  conspicuous  point,  0,  nearly  in  the 
centre  of  the  field  or  fSeurm  to  be  sur- 
vejed.  Find  other  points,  A,  B,  0, 
D,  &c.  such  that  the  agnal  at  0  can  be 
seen  from  all  of  them,  and  that  the  tri- 
angles ABO,  BCO,  &c,  shall  be  as 
nearly  equilateral  as  possible.  Mea- 
sure one  side,  AB  for  example.  At  A 
measure  the  angles  OAB,  and  OAG ;  at  B^ 

B  measure  the  angles  OBA  and  OBC ;  and  so  on^  around  the 
polygon.  The  correctness  of  these  measurements  may  be  tested 
by  the  sum  of  the  angles,  as  in  Art.  (877).  It  may  also  be  tested 
by  the  Trigonometrical  principle  that  the  product  of  the  ednes  of 
every  alternate  angle,  or  the  odd  numbers  in  the  figure,  should 
equal  the  product  of  the  sines  of  the  remaining  angles,  the  even 
numbers  in  the  figure.* 

The  calculations  of  &e  unknown  sides  are  readily  made.  In  the 
triangle  ABO,  one  side  and  all  the  angles  are  given  to  find  AO 
and  BO.  In  the  triangle  BCO,  BO  and  all  &e  angles  are  given  to 
find  BC  and  CO ;  and  so  with  the  rest.  Another  proof  of  the 
accuracy  of  the  work  will  be  given  by  the  calculation  of  the  length 
of  the  side  AO  in  the  last  triangle,  agreeing  with  its  length  as 
obtained  in  the  first  triangle. 

(392)  Farm  Trlangulation.  A  Farm  or  Field  may  be  surveyed 
by  the  previous  methods,  but  the  following  plan  will  often  be  more 

Foi  the  demonstration,  see  Appendix  B. 
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conyenient.  Choose  abase,  as  XY,  within  Fig.  269. 

the  field,  and  firom  its  ends  measure  the 

angles  between  it  and  the  direction  of 

each  corner  of  the  field,  if  the  Theodo-  f' 

lite  or  Transit  be  used,  or  take  the 

bearing  of  each,  if  the  Compass  be  used. 

Consider  first  the  triangles  which  have  ^ 

XY  for  a  base,  and  the  comers  of  the  field.  A,  B,  C,  &c.,  for 

vertices.    In  each  of  them  one  side  and  the  angles  will  be  known  to 

find  the  other  sides,  XA,  XB,  &c.    Then  consider  the  field  as 

made  up  of  triangles  which  have  their  vertices  at  X.    In  each  of 

them  two  sides  and  the  included  angle  will  be  ^ven  to  find  its 

content,  as  in  Art.  (C5)*    If  Y  be  then  taken  for  the  common 

vertex,  a  test  of  the  former  work  will  be  obtained. 

The  operation  will  be  somewhat  simplified  by  takmg  for  the  base 
Jne  a  diagonal  of  the  field,  or  one  of  its  sides. 

(893)  InaceesslUe  Areas*    A  field  or  farm  may  be  surveyed, 
by  this  "  Fourth  Method,"  without  entering  pig,  s/o. 

it.     Choose  a  base  line  XY,  firom  which  all  ..---'Tr"^--^ 

the  comers  of  the  field  can  be  seen.  Take 
their  Bearing?,  or  the  angles  between  the 
Base  line  and  their  directions.  The  dis- 
tances from  X  and  Y  to  each  of  them  can 
be  calculated  as  in  the  last  article.  The 
figure  will  then  shew  in  what  manner  the 
content  of  the  field  is  the  difference  between  X*^^— — — 3rT 
the  contents  of  the  triangles,  having  X  (or  Y)  for  a  vertex,  whicb 
lie  outside  of  it,  and  those  which  lie  partiy  within  the  field  and  partiy 
outside  of  it.  Their  contents  can  be  calculated  as  in  the  last  article, 
and  their  difference  will  be  the  desired  content.  K  the  figure  be 
regarded  as  generated  by  the  revolution  of  a  line  one  end  of  which  is  at 
X,  while  its  other  end  passes  along  the  boundaries  of  the  field,  short- 
enmg  and  lengthenmg  accordingly,  and  if  those  triangles  generated 
by  its  movement  in  one  direction  be  called  plM  and  those  generated 
by  the  contrary  movement  be  called  minuBj  their  algebraic  sum 
will  be  the  content. 

18 
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(SM)  bTentoB  of  tke  FMrth  HMh«i.  In  aU  the  qwra- 
iioiis  which  haye  been  explained,  liie  position  of  a  p(Hnt  has  been 
detennined,  as  in  Art  (8},  by  takmg  the  angles,  or  bearings,  of 
tvro  lines  passing  from  the  two  ends  of  a  Base  fine  to  the  nnbiown 
pcnnt.  Bat  the  same  determination  may  be  effected  inrersely ,  by 
taking  from  the  point  the  bearings,  by  compass,  of  the  two  ends  of 
the  Base  line,  or  of  any  two  known  pdnts.  The  unknown  point 
will  then  be  fixed  by  platting  from  the  two  known  points  the  opp<h 
mte  bearings,  for  it  will  be  at  the  intersection  of  the  lines  thus 
determined. 

(MS)  Defects  ef  the  Hetked  ef  btersectim.  The  detenni- 
nation  of  a  point  by  the  Foiuih  Metiiod  (enunciated  in  Art  (8), 
and  developed  in  this  Part)  fbmided  on  tiie  intersection  of  lines*, 
has  the  serioos  defect  that  the  point  sighted  to  will  be  very  indefi- 
nitely determined  if  the  lines  which  fix  it  meet  at  a  very  acute  or 
a  yeiy  obtuse  angle,  which  the  relative  positions  of  the  points  observed 
from  and  to,  often  render  unavoidable.  Intersections  at  right 
angles  should  therefore  be  sought  for,  so  £ur  as  other  couaderatioiiB 
win  permit 


PART  VT. 


TRILINEAR  SURVEYING; 

By  the  ly^  Method. 

m 

(SM)  Tbiunear  SuBVBYiKa  IS  founded  on  the  HfUi  MeOiod  of 
ietennining  the  position  of  a  point,  by  meafliiring  the  angles  betwen 
three  lines  conceiyed  to  pass  from  the  required  pomt  to  three 
known  points,  as  illustrated  in  Art.  (10)  • 

To  fix  the  place  of  the  point  firom  these  data  is  much  more  diffi- 
cult than  in  &e  preceding  methods,  and  is  known  as  the  ^^  Problem  of 
the  three  points."  It  will  be  here  solved  Oeometricallj,  Instni- 
mentally  and  Analytically. 


(tfT)  Geometrical  Solatioiif    Let  A,  B  and  C  be  the  known 

Fig.  271. 


objects  observed  from  S,  the  angles  ASB  and  BSO  being  there 
measured.  To  fix  this  point,  S,  on  the  plat  containing  A,  B  and 
C,  draw  lines  from  A  and  B,  making  angles  with  AB  each  equal 
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to  90^ — ASB.  The  intersection  of  these  lines  at  0  win  be  the 
centre  of  a  circle  pasdng  through  A  and  B,  in  the  circumference 
of  which  the  point  S  will  be  ntuated.*  Describe  this  circle.  Also, 
draw  lines  firom  B  and  C,  making  angles  with  BC,  each  equal  to 
90^ — BSC.  Their  intersection,  0%  will  be  the  centre  of  a  circle 
passing  through  B  and  C.  The  point  S  will  lie  somewhere  in  its 
circumference,  and  therefore  in  its  intersection  with  the  former 
circumference.     The  point  is  thus  detemuned. 

In  the  figure  the  observed  angles,  ASB  and  BSC,  are  supposed 
to  have  been  respectively  40^  and  60^.  The  an^es  set  off  are 
therefore  50^  and  80°.  The  central  angles  are  consequentiy  80° 
and  120°,  twice  the  observed  angles. 

The  dotted  lines  refer  to  the  checks  explidned  in  the  latter  part 
of  this  article. 

When  one  of  the  angles  is  obtuse,  set  off  its  difference  firom  90" 
on  the  opposite  side  of  the  line  joining  the  two  objects  to  that  on 
which  the  point  of  observation  lies. 

When  the  angle  ABC  is  equal  to  the  supplement  of  the  sum  of 
the  observed  angles,  the  position  of  the  point  will  be  indeterminate ; 
for  the  two  centres  obtained  will  coincide,  and  the  circle  described 
firom  this  common  centre  will  pass  through  the  three  points,  and 
any  point  of  the  circumference  will  fulfil  the  conditions  of  the  prob- 
lem. 

A  third  angle,  between  one  of  the  three  points  and  a  fourth 
point,  should  always  be  observed  if  possible,  and  used  like  tiie 
others,  to  serve  as  a  check. 

Many  tests  of  the  correctness  of  the  position  of  the  point  deter- 
mined may  be  employed.  The  simplest  one  is  that  the  centres  of 
the  circles,  0  and  0',  should  lie  in  the  perpendiculars  drawn  through 
the  middle  points  of  the  lines  AB  and  BC. 

Another  is  that  the  line  BS  should  be  bisected  perpendicularly 

by  the  line  00'. 

A  third  check  is  obtamed  by  drawing  at  A  and  C  perpendiculars 
to  AB  and  CB,  and  producing  them  to  meet  BO  and  BO'  produced, 

•For,  the  arc  AB  measares  the  angle  AOB  at  the  centre,  which  angle  —  ISO* 
•2  (90o  —  ASB)  —  2  ASB.  Therefore,  any  an^e  inscribed  in  the  ciicumrer 
/oce  and  measured  by  the  same  arc  is  eqnal  to  AoB 
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in  D  and  E.    The  line  DE  should  pass  through  S ;  for,  the  angles 
BSD  and  BSE  bemg  right  angles,  the  lines  DS  and  SE  form  one 
straight  line. 
The  figure  shews  these  three  checks  by  ite  dotted  lines. 

(SOS)  Instrmental  SolatlOBt  The  preceding  process  is  tedious 
where  many  stations  are  to  be  determined.  Thej  can  be  more 
readily  found  by  an  instrument  called  a  Stationrpainter^  or  Choro' 
graph.  It  consists  of  three  arms,  or  straight-edges,  turning  about 
a  common  centre,  and  capable  of  being  set  so  as  to  make  with  each 
other  any  angles  desired.  This  is  effected  by  means  of  graduated 
arcs  carried  on  their  ends,  or  by  taking  off  with  their  points  (as 
with  a  pair  of  dividers)  the  proper  distance  from  a  scale  of  chords 
(see  Art.  (271))  constructed  to  a  radius  of  their  length.  Being 
thus  set  so  as  to  make  the  two  observed  angles,  the  instrument  is 
lud  on  a  map  containing  the  three  ^ven  points,  and  is  turned 
about  till  the  three  edges  pass  through  these  pomts.  Then 
their  centre  is  at  the  place  of  the  station,  for  the  three  points  there 
subtend  on  the  paper  the  angles  observed  in  the  field. 

A  simple  and  useful  substitute  is  a  piece  of  transparent  paper, 
Cf  ground  glass,  on  which  three  lines  may  be  drawn  at  the  proper 
ingles  and  moved  about  on  the  paper  as  before. 

(899)  Analytical  Solution.  The  distances  of  the  required 
point  from  each  of  the  known  points  may  be  obtained  analytically. 
LetAB  =  tf;BC=:a;ABO  =  B;ASB  =  S;BSC  =  S'.  Also, 
makeT  =  860**  — S  — S'— B.  LetBAS  =  U;  BCS  =  V. 
Then  we  shall  have  (as  will  be  shewn  in  Appendix  B) 

Cot.  U  =  cot.  T  /_ll^L?L_  +  l\ 

\a  .  Bin.  o  .  008.  T         / 

V  =  T  — U 

Q-Q      e  .  sin.  n  a  .  sin.  Y 

sm.  o  sm.  o' 

8A  =a  ^  '  BJP'  ABS         g-j  ^g  .  sm.  0B8 
sin.  8      '  sin.  S' 
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Attentioii  must  be  ^yen  to  the  algebraic  aigns  of  tihe  irig(mome> 
trical  functions. 

UxampU.  ASB  =  33« 46' ;  BSC=  22^  80';  AB  =  600  feet ; 
BO  =:  400  feet ;  AC  =  800  feet.  B^qnired  the  distances  and 
directions  of  the  point  S  from  each  of  the  stations. 

In  the  triangle  ABO,  the  three  sides  being  known,  the  angle 
ABC  is  fonnd  to  be  104''  28'  89".  The  formula  then  gives  the 
angle  BAS  ==>  U  =  105^  8'  10" ;  whence  BOS  is  found  to  be  94* 
8'  11" ;  and  SB  =  1042.61 ;  SA  =  710.198 ;  and  SO  =  934.291. 

(460)  Marlttne  SaireyfHg.  The  chief  application  of  the  Tn- 
linear  Method  is  to  Maritiine  or  JBydrographical  Surveying,  the 
object  of  which  is  to  fix  the  positions  of  the  deep  and  shallow  points 
in  harbors,  rivers,  &c.,  and  thus  to  discover  and  record  the  dioals, 
rocks,  channels  and  other  important  features  of  the  locality.  To 
effect  this,  a  series  of  signals  are  established  on  the  neighboring 
shore,  any  three  of  winch  may  be  represented  by  our  points  A,  B,  0. 
They  are  observed  to  firom  a  boat,  by  means  of  a  sextant,  and  the 
position  of  the  boat  is  thus  fixed  as  just  shewn.  The  boat  is  tiieu 
rowed  in  any  desired  direction,  and  soundings  are  taken  at  regular 
intervals,  till  it  is  found  convenient  to  fix  the  new  position  of  the 
boat  as  before.  The  precise  point  where  each  sounding  was  taken 
can  now  be  platted  on  the  map  or  chart.  A  repetition  of  this  pro- 
cess will  determine  the  depths  and  the  places  of  each  point  of  the 
bottom. 


PAET  VII 


OBSTACLES  IN  ANGULAR  SURVEYING. 

(401)  Thb  obstacles,  such  ad  trees,  houses,  hills,  Tallies,  rivens 
ko.y  which  prevent  the  direct  alinement  or  measurement  of  any 
deeired  course,  can  be  overcome  much  more  easilj  and  precisely 
with  any  angular  instrument  than  vrith  the  chain,  methods  for  uEong 
which  were  explained  in  Part  11,  Chapter  V.  They  will  however 
be  taken  up  m  the  same  order.*  As  before,  the  given  and  measured 
lines  are  drawn  with  fine  full  lines ;  the  visual  lines  with  broken 
lines ;  and  the  lines  of  the  result  with  heavy  full  lines. 


CHAPTER  I 

PERPENDICULARS  AND  PARALLELS. 

(M2)  ErectiHg  Perpeidicalars.  To  erect  a  perpendicular  U 
a  line  at  a  given  paiTity  set  the  instrument  at  the  ^ven  pomt,  and, 
if  it  be  a  Oompasij  direct  its  rights  on  the  line,  and  then  turn  them 
tin  the  new  Bearing  differs  90^  from  the  ori^al  one,  as  explamed 
m  Art.  (248)*  A  convenient  approximation  is  to  file  notches  in 
the  Compass-plate,  at  the  90^  points,  and  stretch  over  them  a  thread, 
sighting  across  which  will  ^ve  a  perpendicular  to  the  direction  of 
the  rights. 

The  Transit  or  Theodolite  being  set  as  above,  note  the  readmg 
of  the  vernier  and  then  turn  it  till  the  new  reading  is  90^  more  oi 
less  than  the  former  one. 

The  DeiDODstrations  of  the  Problems  which  reqnire  th'»in,  sod  (rom  which 
they  can  conveuiently  be  leparated,  will  be  found  in  App  B. 
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Fig.  272. 


(40S)  To  erect  a  perpendicvlar  to  an  inaeeesmhle  Une^  at  a 
given  point  of  it.  Let  AB  be  the  line 
and  A  the  point.  Calculate  the  distance 
from  A  to  any  point  C,  and  the  angle 
GAB,  by  the  method  of  Art.  (4S0).  Set 
the  instrument  at  G,  sight  to  A,  turn  an 

angle  =  GAB,  and  measure  in  the  direo-        P^ ^C 

tion  thus  obtained  a  distance  GP  =  GA .  cos.  GAB.    PA  ynSL  be 
the  required  perpendicular. 

(404)  Letting  fall  perpen41calars.  To  let  fdU  a  perpendir 
eular  to  a  line  from  a  given  point.  With  the  CompoBS^  take  the 
Bearing  of  the  given  line  and  then  fit)m  the  ^ven  point  run  a  line, 
with  a  Bearing  differing  90^  from  the  ori^nal  Bearing,  till  it  reaches 
the  ^ven  line. 

With  the  Transit  or  Theodolite^  set  it  at  any  point  of  the  ^ven 
line,  as  A,  and  observe  the  angle  between  this  P%*  s^^- 

line  and  a  line  thence  to  the  given   pomt,    Ak;;;;^^ iB 

P.    Then  set  at  P,  sight  to  the  former  posi-         \^ 

tion  of  the  instrument,  and  turn  a  number  of  N 

degrees  equal  to  what  the  observed  angle  at 

A  wanted  of  90^.    The  instrument  will  then 

point  in  the  direction  of  the  required  perpendicular  PB. 

(405)  To  let  fall  a  perpendicvlar  to  a  line  from  an  inaccenihU 


point.  Let  AB  be  the  line  and  P  the 
pomt  Measure  the  angles  PAB,  and 
PBA.  Measure  AB.  The  angles  APG 
and  BPG  are  known,  being  the  comple- 
ments of  the  an^es  measured.    Then  is 

tan.  APO 


Fig.  274. 


AG  =  AB 


tan.  APC  +  tan.  BPC 
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(4M)  To  let  faU  a  perpendicular  to  an  inaccesnble  line  from 
a  given  point.    Let  0  be  the  point  and  Fig.  275. 

AB  the  line.    Calculate  the  angle  CAB   x  ^ 

by  the  method  of  Art.  (480).  Set  tiie 
instrument  at  C,  sight  to  A,  and  turn  an 
angle  =  90  —  CAB.  It  will  then  point 
b  the  direction  of  the  required  perpen- 
dUcular  CE. 

(407)  Ranning  Parallels,  2b  trace  a  line  through  a  given 
naint  parallel  to  a  given  line.  With  the  Oompaae^  take  the  Bear- 
ing of  the  given  line,  and  then,  from  the  given  pomt,  run  a  line 
with  the  same  Bearing. 

With  the  Tranwt  or  TheodoKU^  set  it  at  any  convenient  noint 
of  the  given  line,  as  A,  direct  Fig.  276. 

it  on  this  line,  and  note  the  read-  -^^  ""^ 

ing.    Then  turn  the  vernier  till       \ 

the  cross-hwrs  bisect  the  gjiven         \  

point,  P.    Take  the  instrument  to  P  ^ 

this  point  and  sight  back  to  the  former  station,  by  the  lower  motion, 
wittiout  changing  the  reading.  Then  move  the  vender  till  th« 
reading  is  either  the  same  as  it  was  when  the  telescope  was  di- 
rected on  the  given  line,  or  is  180*>  diflferent.  It  will  then  be  di- 
rected  (forward  or  backward)  on  PQ,  a  parallel  to  AB,  einoe  equal 
angles  have  been  measured  at  A  and  P.  The  manner  of  reading 
them  is  similar  to  tlie  method  of  "Traversing,"  Art.  (87$). 

(408)  To  trace  a  line  through  a  given  point  parallel  to  an 
iMceeeeibU  line.  Let  C  be  tiie  given  ^'S-  277. 
point,  and  AB  the  maccessible  line. 
Find  the  angle  CAB,  as  in  Art.  (480). 
Set  the  instrument  at  C,  direct  it  to  A,  __^^ 
and  then  turn  it  so  as  to  make  an  angle  C  ^  K 
with  CA  equal  to  th<i  supplement  of  the  angle  CAB.  It  will  thei 
Dobt  m  a  direction,  CE,  parallel  to  AB. 
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CHAPTER  IL 


OBSTACLES  TO  ALINEIIIEST. 


A.  To  PBOLOKG  A  LINB. 


(409)  The  instroment  being  set  at  the  £Eurther  end  of  a  line,  and 
directed  back  to  its  be^nning,  the  sights  of  the  CofnpasSj  if  that 
be  used,  wll  at  once  ^ve  the  forward  direction  of  the  line.  They 
serre  the  purpose  of  the  rods  described  in  Art.  (If  9)«  A  distant 
point  being  thus  obtained,  the  Compass  is  taken  to  it  and  the  pro- 
cess repeated.  The  use  of  the  Transit  or  Theodolite^  for  this 
purpose,  was  fully  explained  in  Art.  (876). 

(410)  By  perpeidicolarSt  When  a  tree,  or  house,  obstnicting 
the  line,  i9  met  with,  place  the  instro-  Fig.  278. 

ment  at  a  point  B  of  the  line,  and  set  j^  n^ 

ofiFihere  a  perpendicular,  to  C;  setoff        '  ["W") 

another  at  0  to  D,  a  third  at  D  to  E,  ^      ^ 

makiDg  DE  =  BC,  and  a  fourth  at  E,  which  last  will  be  in  the 
direction  of  AB  prolonged.  If  perpendiculars  cannot  be  con- 
veniently used,  let  BO  and  DE  make  any  equal  angles  with 
the  line  AB,  so  as  to  make  CD  parallel  to  it. 

(411)  By  an  eqailateral  triangle. 

At  B,  turn  aside  from  the  line  at  an  4 

angle  of  60^,  and  measure  some  con- 

yenient  distance  BO.    At  0,  turn  60^ 

in  the  contrary  direction,  and  mea-  c 

sure  a  distance  OD  =  BO.    Then  will  D  be  a  point  in  the  line  AB 

prolonged.    At  D,  turn  60^  from  OD  prolonged,  and  the  new 

direction  will  be  in  the  line  of  AB  prolonged.    This  method  re 

q^uires  the  measurement  of  one  angle  less  than  the  preceding. 
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(412)  By  triantriUatiM.    Let 

AB  be  the  line  to  be  prolonged.  A 


Choose  some   station  C,  whence     \ 
can  be  seen  A,  B,  and  a  point  \, 

boyond  the  obstacle.  Measure 
AB  and  the  angles  A  and  B,  of 
the  triangle  ABC,  and  thence  calculate  the  dde  AC.  Set  the 
instrument  at  C,  and  measure  the  angle  ACD,  CD  being  any  line 
which  will  clear  the  obstacle.  Let  E  be  the  desired  point  in  the 
lines  AB  and  CD  prolonged.  Then  in  the  triangle  ACE,  will  be 
known  the  side  AC  and  its  including  angles,  whence  CE  can  be 
calculated.  Measure  the  resulting  distance  on  the  ground,  and 
its  extremity  will  be  the  desired  point  E.  Set  the  instrument  at 
E,  sight  to  C,  and  turn  an  angle  equal  to  the  supplement  of  the 
angle  AEC,  and  you  will  have  the  direction,  EF,  of  AB  prolonged 

(418)  When  the  Hie  to  be  proloigrel  Is  liaccessible.     Li 

this  case,  before  the  precedmg  method  can  be  applied,  it  will  be 
necessary  to  determine  the  lengths  of  the  lines  AB  and  AC,  and 
the  angle  A,  by  the  method  given  in  Art.  (4S0). 

(414)  To  prolongs  a  line  with  only  an  aagiilar  Instmentt 

This  may  be  done  when  no  means  of  measuring  any  distance  can  be 
obtamed.    Let  AB  be  the  line 
to  be  prolonged.    Set  the  in* 
strument  at  B  and  deflect  an- 
gles of  45^  in  the  directions  C  4 

and  D.  Set  at  some  point,  C, 
•n  one  of  these  lines  and  deflect 
from  CB  45^,  and  mark  the 
point  D  where  this  direction  intersects  the  direction  BD.  Also,  at 
0,  deflect  90^  from  CB.  Then,  at  D,  deflect  90''  from  DB.  The 
mtersections  of  these  last  directions  will  fix  a  point  E.  At  E 
deflect  185^  from  EC  or  ED,  and  a  line  £F,  in  the  direction  of 
AB  wiU  be  obtiuned  and  may  be  continued.* 

•  Thw  ingenioas  contriTsnce  is  due  to  a  former  student,  Mr.R.  Hood,  in  wl»o»# 
practice,  wliile  nmntng  au  air  line  for  a  railroad,  the  necessity  occurred. 
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B.  To  INTEBPOLATB  POINTS  IN  A  LINI. 

(Hi)  The  instrument  bemg  set  at  one  end  of  a  line  and  directed 
to  the  other,  intermediate  points  can  be  found  as  in  Art.  (177), 
kc.  If  a  vallej  intervenes,  the  sights  of  the  Compass,  (if  the 
Compas&-piate  be  very  carefully  kept  level  cross-ways),  or  the  tele- 
scope of  the  Transit  or  Theodolite,  answer  as  substitutes  for  the 
plumb-line  of  Art.  (179)- 

(416)  By  a  raitem  line*  YHien  a  wood,  hill,  or  other  obsta- 
cle, prevents  one  end  of  the  line,  Z,  Fig.  282. 
fix)m  being  seen  from  the  other.  A,  nm 
a  random  line  AB  with  the  Compass  or  A* 
Transit,  &c.,  as  nearly  in  the  desired 
direction  as  can  be  guessed,  till  you  arrive  opposite  the  point  Z. 
Measure  the  error,  BZ,  at  right  angles  to  AB,  as  an  oflbet.  Multi- 
ply this  error  by  57^,  and  divide  tiie  product  by  the  distance  AB. 
The  quotient  will  be  the  degrees  and  decimal  parts  of  a  degree, 
contained  in  the  angle  BAZ.  Add  or  subtract  tins  angle  to  or 
from  the  Bearing  or  reading  with  which  AB  was  run,  according  to 
the  side  on  which  the  error  was,  and  start  from  A,  with  this  cor- 
rected Bearing  or  reading,  to  run  another  line,  which  will  come  out 
at  Z,  if  no  error  has  been  committed.* 

Example.  A  random  line  was  run,  by  compass,  with  a  Bearing 
of  S.  80^  E.  At  20  chains'  distance  a  point  was  reached  opposite 
to  the  desired  point,  and  10  links  distant  from  it  on  its  right. 
Required  the  correct  Bearing. 

Am.  By  the  nde,  ^'  ^^a'^  =  0^2865  =  17'.  The  cor- 
rect Bearing  is  therefore  S.  SO""  17'  E.  If  the  Transit  had  been 
used,  its  reading  would  have  been  changed  for  the  new  line  by  the 
same  17'.  A  simple  diagram  of  the  case  will  at  once  shew  whether 
the  correction  is  to  be  added  to  the  orig^ial  Bearing  or  angle,  or 
subtracted  from  it. 

*  Tbif  role  ia  nibftaiitiaUj  ideatlcal  widi  that  of  Art  (319),  whore  iti 
given 
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If  Trigonometrical  Tables  are  at  hand,  the  correction  irill  be 
more  precisely  obtained  from  thia  equation ;    laa.  BAZ  >-  —=. 


The  ST". 3  rule,  as  it  ia  sometimea  called,  may  ha  Tariouely  mod^ 
fied.  Thus,  mnltiply  the  error  bj  86°,  and  divide  by  one  and  a  half 
times  the  distance ;  or,  to  get  the  correction  in  minutes,  mnltiply 
by  S4SS  and  divide  by  the  distance ;  or,  if  the  error  is  ^ren  in 
feet  and  die  distance  in  foa>rod  chains,  nnltiply  the  former  by  52 
and  divide  by  the  distance,  to  get  the  correction  in  nunntes. 

The  correct  line  may  be  ran  with  the  Bearing  of  the  random 
tine,  by  tnnung  the  vender  for  the  correction,  as  in  Art,  (S12). 

(417)  By  Utltnles  ni  Departiras.      When        ^'s-^sa 
a  angle  line,  such  as  AB,  cannot  be  run  bo  as  to 

come  opposite  to  the  ^ren  point  Z,  proceed  thns,  . 
witli  Uie  Compost.  Bun  any  nnmber  of  mg-zag 
courses,  Afi,  BC,  CD,  DZ,  in  any  ctrnvement 
direction,  so  as  at  last  to  arrive  at  the  desired  point. 
Calculate  the  Latitude  and  Departure  of  each  of 
these  courses  and  take  their  algebraie  sums.  The 
sum  of  the  Latitudes  will  be  equal  to  AX,  and  that 

oftheDeparturestoXZ.  ThenisTan.ZAX  =  ~ ; 

I.  e.  the  algebraic  sum  of  the  Departures  divided 

by  tibe  algebraic  sum  of  the  Latitudes  is  equal  to  the  tangent  of 

the  Bearing.* 

(418)  When  the  ZVatuit  or  Theodolite  is  used,  any  Une  may  b« 
taken  as  a  Meridian,  i.  e.  as  the  line  to  which  the  following  linen 
are  refened ;  as  in  "  Trarercnng,"  Art.  (87S),  page  254,  all  the 
Bucceseive  lines  were  referred  to  the  first  line.  In  the  figure,  on 
the  next  page,  the  same  lines  as  in  the  preceding  figure  are  repr»- 

Tbe  length  of  ihe  line  AZ  can  slao  do  bI  ones  obtained  ilnce  it  U  eqaal  M 
be  acinare  rent  of  (he  >n  m  of  the  KjoBret  of  AX  and  XZ  |  or  to  tlio  Lujlnd* 
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Bented,  but  they  are  referred  to  the  first  course, 
ASy  instead  of  to  the  Magnetic  Meridian  as 
before,  and  their  Latitudes  are  measured  along 
its  produced  line,  and  its  Departures  perpen- 
dicular to  it.  As  before,  a  right-angled  triangle 
will  be  formed,  and  the  angle  ZAY  will  be 
the  angle  at  A  between  the  first  line  AB  and 
the  desired  line  AZ. 

Tins  method  of  operation  has  many  useful^ 
applications,  such  as  in  obtaining  data  for  runnmg  Railroad  CurveSi 
&c.,  and  the  student  should  master  it  thoroughly* 

The  desired  angle  (and  at  the  same  time  the  distance)  can  be 
obtained,  approximately,  in  this  and  the  preceding  case,  by  finding 
m  a  Traverse  Table,  the  final  Latitude  and  Departure  of  the  demred 
line  (or  a  Latitude  and  Departure  having  the  same  ratio)  and  the 
Bearing  and  Distance  corresponding  to  these  will  be  the  angle 
and  distance  desired. 


(419)  By  simUar  triangles.  ^i  ^^ 

Through  A  measure  any  line  CD.  ^ 

Take  a  point  £,  on  the  line  CB, 

beyond  the  obstacle,  and  from  it  a 

set  off  a  parallel  to  CD,  to  some 

point,  F,  in  the  line  DB.    Measure  - 

EF,  CD,  and  CA.     Then  tiiis  pro- 

poruon,  CD  :  CA  : :  EF  :  EG,  will  ^ve  the  distance  EG,  firom 

E  to  a  point  in  the  line  AB.     So  for  other  points. 

(420)  By  triangalation.  When  Fig.z^e. 
obstacles  prevent  the  precedmg  me- 
thods being  used,  if  a  point,  C,  can  be 
found,  from  which  A  and  B  are  accessi- 
ble, measure  the  distances  CA,  CB, 
and  the  angle  ACB,  and  thence  calculate  the  angle  CAB.  Then 
observe  any  angle  ACD,  beyond  the  obstacle.  Li  the  triangle 
ACD,  a  side  and  its  mcluding  angles  are  known,  to  find  CD.  Me» 
sure  it,  and  a  point,  D,  in  the  desired  line,  will  be  obUuned. 
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OBSTACLES  TO  HEiSUREHENT. 

A.  WHBIf  BOTH  BNBS  OF  THB  LINB  AKB  ACOKSSIBLB. 

(421)  The  methods  gtren  in  the  preceding  Chapter  for  prolong- 
ing  a  line  and  for  interpolating  points  in  it,  will  generally  giiye  ihe 
length  of  the  line  by  the  same  operation.  Thus,  in  Fig.  278,  the 
maccessible  distance  BE  is  eqnal  to  CD  ;  in  Fig.  279,  BD  =  BC 
ss  CD ;  m  Hg.  280,  the  distance  BE  can  be  calculated  from  the 
same  data  as  CE ;  in  Fig.  282,  AZ  =  V(ABa  +  BZ^) ;  in  Fig. 
288,  AZ=  V(AX^  +  XZ^)  ;  in  Fig.  284,  AZ  =  >/(ATa  + 

YZ^  ;  in  Pig.  285,  AG  =  ^^  ^^^  ~  ^^ ;  in  Fig.  286,  the  tri- 

angle  ACD  will  give  the  distance  AD.  The  method  of  Latitudea 
and  Departores,  Arts.  (417)  and  (418),  is  very  generaDy  applt- 
«ible.     So  is  the  following. 


(422)  By  triaigulatioi.    Let  AB  Fig.  287. 

be  the  inaccessible  distance.  From 
any  pomt,  C,  from  which  both  A  and 
B  are  accessible,  measure  CA,  CB, 
and  the  angle  ACB.  Then  in  the 
triangle  ABC  two  sides  and  the  in- 
cluded angle  are  known  to  find  the 
nde  AB.  If  all  the  angles  can  be  measured,  theymay  be  oo^ 
rected,  as  in  Art.  (887).* 


(428)  A  broken  Base.  When  the  angle  C  is  very  obtuse,  the 
preceding  problem  may  be  modified  as  follows.  Naming  the  linee 
as  18  usual  in  Trigonometry,  by  small  letters  corresponding  to  the 

*  In  thii  figare,  and  the  following  ones,  the  angular  point  enclofed  in  a  cirolt 
Indicatea  the  place  at  which  the  inatrament  if  set 
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capital  letters  at  the  angles  to  which  they  are  opponte,  and  letting 
K  =  the  number  of  minutes  in  the  snpplement  of  the  angle  C,  we 

Fig.  288. 

c 

shall  have 

AB  =  e=^a  +  b  —  0.000000042808  x  — ,. 

a+  0 
This  formula  is  chiefly  used  in  the  case  of  what  is  called  in  Tri* 
angular  Surveying  ^^  A  broken  Base ;"  such  as  above ;  AC  and 
QB  being  measured  and  forming  very  nearly  a  straight  Ime,  and 
the  length  of  AB  being  required. 
Log.  0.000000042308  =  2.6264222—10. 

(421)  By  angles  to  known  points*  The  length  of  a  line,  both 
ends  of  which  are  accessible,  may  also  be  determined  by  angles 
measured  at  its  extremities  between  it  and  the  directions  of  two  or 
more  known  points.  But  as  the  methods  of  calculation  involve  sub- 
sequent problems,  they  will  be  postponed  to  Articles  (135),  (186) 
and  (187). 

B.  When  one  end  of  the  line  is  inaccessible. 

(125)  By  perpendlcolarst  Many  of  the  methods  given  for 
die  chain,  in  Part  II,  Chapter  Y,  may  be  still  more  advantageously 
employed  with  angular  instruments,  which  can  so  much  more  easily 
and  precisely  set  off  the  Perpendiculars  reqmred  in  Articles  (191), 
(191),  (198),  4c. 

(126)  By  equal  anglest  LetAB 
be  the  inaccesrible  line.  At  A  set  off  '^ 
AC,  perpendicular  to  AB,  and  as 
nearly  equal  to  it,  by  estimation,  as 
the  ground  will  permit.  At  C,  mea- 
sure the  angle  ACB,  and  turn  the 
sights,  or  vernier,  till  ACD  =  ACB. 
Und  the  point,  D,  at  the  mtersections  of  the  lines  CD  and  BA  pit^ 
ip-xi.    Then  is  AD  =  AB. 
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(417)  By  triaBfTDUUoi.    Measure  a  distance         f!s-  ^^■ 

AC,  about  equal  to  AS.    Meamre  ttte  angles  at  ' 

A  and  C.    Then  in  the  triangle  ABC,  two  angles 

and  the  included  fflde  are  known,  to  find  another 

..      .T,      ACmb.  ACB 
6.de,AB=    ^^^^    . 

When  the  compass  is  used,  the  angles  betwc2Q   ' 
Hie  lines  will  be  deduced  &om  tbeir  respective 
Bearings,  bj  the  principles  of  Art.  (243). 

If  the  angle  at  A  is  90%  AB  =.  AG  .  tang.  ACB. 

If  A  =  90%  and  0  =  45°,  then  AO  =  AB ;  but  this  position 
could  not  easily  be  obtained,  except  hj  the  use  of  the  Seztuit, 
a  reflecting  instrnmeDt,  cot  described  in  this  volume. 

(128)  Wkea  me  yolnt  eainot  ke  Men  tnm  tbs  other.— 

Choose  two  points,  C  and  D,  in  Qie  line  pig,  S9i. 

of  A,  and  snch  that  &om  C,  A  and  B  can 
be  seen,  and  &om  D,  A  and  B.  Measure 
AC,  AD,  and  the  angles  C  and  D.  Then, 
in  the  triangle  BCD,  are  known  two  an- 
gles and  the  included  side,  to  find  CB. 
Then,  in  the  triangle  ABC,  are  known 
two  sides  and  the  included  angle,  to  find 
Uie  Oitrd  ode,  AB. 

(12>)  T*  Ib<  tke  distance  frMi  a  gireB  pelnl  I*  u  luecw* 
gfUe  UlWi  In  f^g.  275,  Art.  (406),  the  required  distance  is 
CB.  The  operations  therwi  directed  (pre  the  line  CA  uid  Uw 
■Dj^eCAB.orCAE.    The  reqmred  distance  CE  =  CA .  sin.  CAE. 
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G.  Ween  both  bnbs  of  thb  unb  abb  dtaooibbsibli. 

(430)  Cleneral  Methol.    Let  Fig.  293. 

AB  be  the  inaccessible  Ime. 
lieasoie  any  convenient  distance 
CD,  and  the  angles  ACD,  BCD, 
ADC,  BDC. 

Then,  in  the  triangle  CDA, 
two  angles  and  the  included  side 
are  ^ven,  to  find  CA.  In  the 
trian^e  CDB,  two  angles  and  the 
included  side  are  given,  to  find 
CB.  Then,  m  the  triangle  ABC, 
two  sides  and  the  included  angle 
are  given,  to  find  AB. 

The  work  may  be  verified  by  takmg  another  set  of  triaa|^e9| 
and  finding  AB  from  the  triangle  ABD  instead  of  ABC. 

The  following  formulas  will  however  give  the  desired  distance 
with  less  labor. 

find  an  angle  E,  such  that  tang.  E  =  ^'     ^  ^  '  ™'  ^^r^« 
®       '  ^  sin.  CAD .  sin.  BDC 

Then  find  the  difference  of  the  unknown  angles  in  the  triangle 
CAB  &om  the  formula 
Tang.  I  (CAB— ABC)  =  tang.  (46°— E)  .  cot.  ]^  ACB. 
Then  is  CAB  =  j^  (CAB  —ABC)  +  J  (CAB  +  ABC). 

1.-V    11       A  Tft       r^r\  sin*  BDC  .  sin.  AOB 
Finally,  AB  =  CD  -. — jr^=r — ; — tttt:* 
^ '  sm.  CBD  .  sin.  CAB 

ExampU.  Let  CD  =  7106.25  feet;  aCD  =  95*  17'  20"; 
BCD  =  er  41'  50" ;  ADC  =  89*  88'  40" ;  BDC  =:  78^  85'  10"; 
required  AB. 

The  figure  is  constructed  with  these  data  on  a  scale  of  5000  feel 
to  1  inch  =  1 :  60000. 

By  the  above  formulas,  E  is  found  to  be  80"*  26'  5'  ;  CAB  a 
\W  55'  87" ;  and  lastly  AB  =  6598.82. 

Both  the  methods  may  be  used  as  mutual  checks  in  any  im 
portant  case. 
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Fig.  293. 


If  the  lines  AB  and  CD  crossed 
each  other,  as  in  fig.  298,  instead  of 
being  situated  as  in  the  preceding 
figure,  the  same  method  of  calcula- 
tion would  apply. 


Fig.  294. 


(4S1)  Problem*  7b  measure  an  inaeeesMle  dUtaneejABy 
when  a  painty  C,  in  its  line  can  be  obtained.  Set  the  instrument 
at  a  point,  D,  from  which  A,  B 
and  0  can  be  seen,  and  measure 
the  angles  CDA  and  ADB. 
Measure  also  the  line  DO  and 
the  angle  C.  Then  in  the  tri- 
angle ACD  two  angles  and  the 
included  side  are  ^ven  to  find 

AD.  In  the  triangle  DAB,  the 
angle  DAB  is  known,  (being  equal  to  ACD  +  CDA),  and  AD 
having  been  found,  we  again  have  two  angles  and  the  included  side 
to  find  AB. 


(4S2)  Problem*  To  meamire  an  inaceeedbU  dietance^  AB, 
when  only  one  painty  C,  can  befoimdfrom  wUch  ba(h  ends  of  ths 
line  can  be  seen.    Consider  CA  Fig.  S95. 

and  CB  as  distances  to  be  deter> 
mined,  having  one  end  accesdble. 
Determine  them,  as  in  Art.  (427)9. 
by  choosing  a  point  D,  from  which 
C  and  A  are  visble,  and  a  point  E 
from  which  C  and  B  are  visible. 
At  C  observe  the  angles  DCA,  ACB  ^ 
and  BCE.  Measure  the  distances  CD  and  CE.  Observe  the 
angles  ADC  and  BEC.  Then  in  the  triangle  ADC,  two  angles  and 
lihe  mcluded  aide  are  given,  to  find  CA ;  and  the  same  in  the  tri« 
angle  CBE,  to  find  CB.  Lastly,  in  the  triangle  ACB  %o  sides 
and  the  included  angle  are  known,  to  find  AB. 
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(483)  ProbtelDt  To  measure  an  maeeessible  distance^  AB; 
when  no  point  can  hefovmd  from  which  the  two  ends  can  he  seen. 
Let  C  be  a  point  from  which  A  is  Fig.  296. 

visible,  and  D  a  point  from  which 
B  is  visible,  and  also  G.  Measure 
CD.  Find  the  distances  GA  and 
DB,  as  in  the  preceding  problem ; 
L  e.  choose  a  point  E,  from  which  A 
and  G  are  visible,  and  another  £ 
point,  F,  from  which  D  and  B  are  visible.  Measure  EG  and  DF. 
Observe  the  angles  AEG,  EGA,  BDF  and  DFB ;  and  at  the  same 
time  the  angles  AGD  and  GDB,  for  the  subsequent  work.  Then 
GA  and  DB  will  be  found,  as  were  GA  and  GB  in  the  last  problem. 
Then  in  the  triangle  GDB,  two  sides  and  the  included  angle  are 
known  to  find  GB  and  the  angle  DGB ;  and,  lastly,  in  the  triangle 
AGB,  two  sides  and  the  included  angle  (the  difference  of  AGD 
and  DGB)  to  find  AB. 

(IS4)  Problem.  To  Interpolate  a  Basot  Fovr  inaecessOk 
oljectSy  A,  B,  G,  D,  being  in  a  right  Fig.  297. 

Une^  and  visible  from  ohiy  one  pointj   a.^ lL^m.iJLjC^         D 

E,  it  is  required  to  determine  the  dis-    ^ 
taruie  between  the  middle  points,  B 
and  G,  the  exterior  distanceSj  AB 
and  GD,  being  hnown. 

LetAB  =  a,  GD  =  6,BG  =  aj; 
AEB  =  P,  AEG  =  Q,  AED  =  R. 

Galculate  an  auxiliary  angle,  E,  such  that 

. 2  jr  4aft  sin.  Q  .sin.  (R— P) 

**^«-    ^-(a_6)2-  8in.P.Bin.(E-Q)- 

Then  is  a;  =  —  ^  .^      ±  ^^~  ^. 

2  2  .  COS.  K 

Of  the  two  values  of  x,  the  positive  one  is  alone  to  be  taken. 

This  problem  is  used  in  l^riangular  Surveying  when  a  portion  of 
a  Base  line  passes  over  water,  &c. 
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(4S5)  Problemt  Oiven  the  angles  observed^  at  the  ends  of  a 
line  which  cannot  be  measured^  between  it  and  the  ends  of  a  line 
qf  known  length  bvt  inaccessible^  required  the  length  of  the  former 
Une.  This  Problem  is  the  converse  of  that  given  in  Art.  (430). 
Its  figure,  292,  may  represent  the  case,  if  ilie  distance  AB  be 
regarded  as  known  and  CD  as  that  to  be  found.  Use  the  first  and 
second  formulas  as  before,  and  invert  the  last  formula,  obtaining 

CTi  —  A'R  sip-  ^^P  ■  BJP'  CAB 
Bin.  BDC  .  sin.  ACB' 

This  problem  may  also  be  solved,  indirectly,  by  assuming  any 
length  for  CD,  and  thence  calculating  as  in  the  first  part  of  Art. 
(ISO),  the  length  of  AB  on  this  hypothesis.  The  imaginary 
figure  thus  calculated  is  similar  to  the  true  one ;  and  the  true 
length  of  CD  will  be  ^ven  by  this  proportion ;  calculated  length 
of  AB  :  true  length  of  AB  : :  assumed  length  of  CD  :  true  length 
of  CD. 

The  length  of  CD  can  also  be  obtamed 
graphically.  Take  a  line  of  any  length, 
as  CD',  and  from  C  and  D'  lay  off  angles 
equal  to  those  observed  at  C  and  D,  and 
thus  fix  pomts  A,  B'.    Produce  AB'  till  it 


Fig.  298. 


equals  the  ^ven  distance  AB,  on  any  de-  rJy^    ^^H)- 
sired  siale.    From  B  draw  a  parallel  to         "'"•-^^        \ 
B'D',  meeting  AD'  produced  in  D ;  and  ^'""'^i^ 


k 


from  D  draw  a  parallel  to  D'C  meeting 

AC  produced  in  C.    Then  CD  will  be  the  .quired  distance  to 

the  same  scale  as  AB.* 

(4M)  Problemt  Three  points^  A,  B,  C,  being  given  by  their 
distances  from  each  other ^  and  two  other  points^  P  and  Q,  being 
so  situated  that  from  each  of  them  two  of  the  three  points  can  be 
seen  and  the  angles  APQ,  BPQ,  CQP,  BQP,  be  measured^  it  is 
required  to  determine  the  positions  of  P  and  Q. 


*  See  Article  (458)  for  a  Bolation  of  this  problem  by  the  Plane-Table. 
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GoNSTBUcnoir.      Be^,  ^'S-  29©.^^ 

M  in  Art.  (J»7),  by  describ-  ^^^'  ^^ 

mg  a  circle  passing  tibroagh 
A  and  B,  and  having  the  cen- 
tral angle  subtended  by  AB, 
equal  to  twice  the  given  an-  p^~- 
gle  APB,  and  thus  contain- 
mg  that  angle.  The  point 
P  will  lie  somewhere  in  its 
circumference.  Describe  another  circle  passing  throu^  B  and  C, 
and  having  a  central  an^e  subtended  by  BO  equal  to  twice  the 
given  angle  BQG.  The  point  Q  will  lie  somewhere  in  its  cir- 
cumference. From  A  draw  a  line  making  with  AB  an  angle  ss 
BPQ,  and  meeting  at  X  the  circle  first  drawn.  From  C  draw  a 
line  making  with  CB  an  angle  =  BQP,  and  meeting  tiie  second 
circle  in  Y.  Join  XY  and  produce  it  till  it  cuts  the  circles  in 
points  P  and  Q,  which  will  be  those  required ;  since  BPX  =  BAX 
=  BPQ ;  and  BQY  =  BCY = BQP. 

Calculation.  In  the  triangle  ABC,  the  sides  being  given,  the 
angle  ABC  is  known.  In  the  triangle  ABX,  a  side  and  all  the 
angles  are  known,  to  find  BX.  In  the  triangle  CBY,  BY  is  omi- 
larly  found.  By  subtracting  the  angle  ABC  from  the  sum  of  the 
angles  ABX  and  CBY,  the  angle  XBY  can  be  obtained.  *  Then 
in  the  triangle  XBY,  the  rides  BX,  BY,  and  the  included  angle - 
are  ^ven  to  find  the  other  angles.  Then  in  the  triangle  BPX 
are  known  all  the  angles  and  the  ride  BX  to  find  BP.  In 
the  triangle  BQY,  BQ  is  found  in  like  manner.  Finally,  in  the 
triangle  BPQ,  PQ  can  then  be  found. 

If  desired,  we  can  also  obtain  AP  in  the  trian^e  APB ;  and  CQ 
in  the  triangle  CBQ. 

(487)  Problem*  Four  paints^  A,  B,  C,  D,  being  given  tn 
po9itian^  hy  their  mutual  distances  and  direetianSy  and  two  other 
pcintSy  P  and  Q,  being  so  situated  that  from  each  of  them  two  of 
the  four  points  can  be  seen  and  the  angles  APB,  APQ,  PQC  and 
PQD  measured^  it  is  required  to  determine  the  position  of  P  and  Q 
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GoNSTRUonoN.  Begin  as  m  the  last  arhce,  by  describing  on 
AB  the  segment  of  a  circle  to  contain  an  angle  equal  to  APB. 
From  B  draw  a  chord  BE,  making  an  angle  with  BA  equal  to  the 
supplement  of  the  angle  APQ.  On  CD  describe  another  segment 
to  contun  an  angle  equal  to  CQD.  From  0  draw  a  chord  GF, 
makmg  an  angle  with  GD  equal  to  the  supplement  of  the  angle 
DQP.  Draw  the  line  £F,  and  it  will  cut  the  two  circles  in  the 
required  pomts  P  and  Q.* 

Galoulation.  To  obtain  PQ  =  EF — EP  —  QF,  we  proceed 
to  find  those  three  lines  thus.  In  the  triangle  ABE,  we  know  the 
side  AB,  the  angle  ABE,  and  the  angle  AEB  =s  APB ;  wherice 
to  fiftd  EB.  In  the  same  way,  the  triangle  GFD  ^ves  FG.  In 
the  triangle  EBG  are  known  EB  and  BG,  and  the  angle  EBG  = 
ABG — ABE;  whence  EG  and  the  angle  EGB  are  found.  In 
the  triangle  EGF  are  known  EG,  FG,  and  the  angle  EGF  =  BGD 
—  EGB— FGD;  whence  we  find  EF,  and  the  angles  GEF  and 
GFE. 

In  the  triangle  BEP,  we  have  EB,  the  angle  BEP  ==BEG  + 
GEP,  and  the  angle  BPE^BPA  +  APE ;  to  find  EP  and  PB. 
In  the  triangle  QGF,  we  have  GF,  and  the  angles  GQF  and  GFQ, 
to  find  QG  and  QF.    Then  we  know  PQ  =  EF— EP  — QF. 


*  For,  the  angle  APQ  in  the  figare  eqoals  th<»  meaaared  angle  APQ,  becaaie 
the  supplement  of  the  former,  BPA,  eqaals  the  Bupplement  of  toe  latter,  since  it 
is  measured  by  the  same  arc  as  the  angle  ABE,  equal  to  that  supplement  by  ooo' 
itraction.    So  too  with  the  angle  DQP. 
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The  other  distances,  if  desired,  can  be  easily  found  from  the  above 
data,  some  of  the  calculations^  not  needed  for  PQ,  being  made  with 
reference  to  them.  In  the  triangle  ABP,  we  know  AB,  BP,  and 
the  angle  BAP,  to  find  the  angle  ABP  and  AP.  In  the  triangle 
QDO  we  know  QC,  CD,  and  the  angle  OQD,  to  find  tiie  angle 
QGD  and  QD.  In  the  triangle  PBC,  we  know  PB,  BC,  and  the 
angle  PBC  =  ABC — ABP,  to  find  PC.  Lastly,  m  the  triangle 
QCB,  we  know  QC,  CB,  and  the  angle  QCB  =  DCB— DCQ,  to 
findQB. 

The  solution  of  this  problem  includes  the  two  preceding ;  for,  let 
the  line  BC  be  reduced  to  a  point  so  that  its  two  ends  come  toge- 
ther and  the  three  lines  become  two,  and  we  have  the  problem 
of  Art.  (436) ;  and  let  the  Ime  AB  be  reduced  to  a  pomt,  B, 
and  CD  to  a  point,  C,  and  we  have  but  one  line,  and  the  problem 
becomes  that  of  Art.  (435). 

In  these  three  problems,  if  the  two  stations  lie  in  a  right  line 
with  one  of  th<^  ^yen  points,  the  problem  is  indeterminate. 

(438)  Problem  of  the  eight  points*    Jbur  points,  A,  B,  0,  D, 


Fig.  301. 


B 


o 

•it 


A 


B 


are  inaccesMlej  but  visible 
from  four  other  poinUy  E, 
F,  G,  H ;  it  is  required  to 
find  the  respective  distances 
of  these  eight  points;  the 
only  data  being  the  obser- 
vation^ from  each  of  the 
points  of  the  second  sys- 
tem,  of  the  angles  under 
which  are  seen  the  points 
9/  the  first  system. 


This  problem  can  be  solved,  but  the  great  length  and  compliea* 
tion  of  the  investigation  and  resulting  formulas  render  it  more  a 
matter  of  curiosity  than  of  utility.  It  may  be  found  inPuissant's 
" TopograpMe^^  page  65 ;  Lefevre*s  "  Trigonometries*  p.  90, and 
Lofevre's  ^^  Arpentage^''  No.  887. 
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TO  SUPPLY  OHISSIOHS. 


(439)  Any  two  omissions  in  a  closed  survej,  whetiher  of  the 
direction  or  of  the  length,  or  of  both,  of  one  or  more  of  the  sidei 
bomiding  the  area  sunreyed,  can  always  be  supplied  by  a  smtable 
application  of  the  principle  of  Latitudes  and  Departures,  aa  was 
stated  in  Art.  (28S) ;  although  this  means  should  be  resorted  to 
only  in  cases  of  absolute  necessity,  since  any  omission  renders  it 
ippossible  to  "  Test  the  survey,''  as  directed  in  Art.  (282).  In 
the  following  articles  the  survey  will  be  considered  to  have  been 
made  with  the  Compass.  AH  the  rules  will  however  apply  to  a 
Transit  or  Theodolite  survey,  the  angles  being  referred  to  any  line 
as  a  meridian,  as  in  '^  Traversing.'' 

To  ^ve  unnecessary  labor,  the  examples  in  the  vanoos  cases 


now  to  be  examined,  will  all  be  taken 
from  the  same  survey,  a  plat  of  which 
is  ^ven  in  the  margjui  on  the  scale  of 
40  chains  to  1  inch  (1:81,680),  and 
the  field-notes  of  which,  with  tlie 
Latitudes  and  Departures  carried  out  a 
to  five  decimal  places,  are  ^ven  <m 
the  following  page.* 


Fig.  302. 


*  The  teacher  can  make  any  number  of  example!  for  his  own  me  bj  taking 
a  tolerablj  aocarate  lanrey,  itrikiDg  oat  the  bearing  and  diitanoo  of  any  ene 
erarae,  and  calculating  it  precisely  as  in  Case  1,  given  below.  He  can  then  omit 
any  two  quantities  at  win,  to  be  supplied  by  the  student  by  means  of  the  rules 
tow  to  be  giyen. 
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BXARXNO. 

1      DI8T. 
IN  LINKS. 

LATITUDSS. 

DlPARTURXt.             1 

oTAa 

N. 

R. 

E. 

W. 

A 

North. 

1284 

1284.00000 

0 

0 

B 

N.  32«»  B. 

1782 

1511.22171 

944.31619 

0 

N.  80*B. 

2400 

416.75568 

2363.53872 

D 

S.  48"  E. 

2700 

1806.652t'2 

2006.49096 

B 

8.  18*  W. 

2860 

2720.02159 

883.78862 

F 

N.  73«  28'  21"  W. 

46211 

1314.69682 

* 

4430.55725 

4526.67421  4526.67421  5314.34587  5314.34587 


Case  1.  When  the  length  and  the  Bearing  of  any  one  9ide  are 
wanting. 

(440)  Fmi  the  Latitudes  and  the  Departures  of  the  remaimng 
aides.  The  difference  of  the  North  and  South  Latitudes  of  these 
lines,  is  the  Latitude  of  the  omitted  line,  and  the  difference  of  their 
Departures  is  its  Departure.  This  Latitude  and  Departure  are  two 
sides  of  a  right  angled  triangle  of  which  the  omitted  line  is  the 
hypothenuse.  Its  length  is  therefore  equal  to  the  square  root  of 
the  sum  of  their  squares,  and  the  quotient  of  the  Departure  divided 
by  the  Latitude  is  the  tangent  of  its  Bearing ;  as  in  Art.  (417).  * 

Li  the  above  survey,  suppose  the  course  from  F  to  A  to  have 
been  omitted  or  lost.  The  difference  of  the  Latitudes  of  the 
remaining  courses  will  be  found  to  be  1314.69682,  and  the  differ* 
ence  of  the  Departures  to  be  4430.55725.  The  square  root  of  the 
sum  of  their  squares  is  4621.5 ;  and  the  quotient  of  the  Departure 
divided  by  tiie  Latitude  is  the  tangent  of  78^  28'  21''.  The  de- 
ficiencies were  in  North  Latitude  and  West  Departure ;  and  the 
omitted  course  is  tiierefore  N.  73°  28'  21"  W.,  4621.5 

Case  2.  When  the  length  of  one  side  and  the  Bearing  of 
another  are  loanting, 

(441)  When  the  deficient  sides  aiUoin  each  other.  Und,  as 
in  Case  1,  the  length  and  Bearing  of  the  line  joining  the  ends  of 
the  remaining  courses.  This  line  and  the  deficient  lines  will  form  a 
triangle,  in  which  two  sides  will  be  known,  and  the  angle  between 
the  calculated  side  and  the  side  whose  Bearing  is  given  can  be 
found  by  Art.  (248).  The  parts  wanting  can  then  be  obtained 
by  the  common  rules  of  Trigonometry. 
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Fig.  303. 


In  the  figure,  let  the  length  of  EF, 
and  the  Bearing  of  FA  be  the  omitted 
parts.  The  diflbrenee  of  the  sums  of 
the  N.  and  S.  Latitude  and  the  E. 
and  W.  Departores  of  the  complete  B 
courses  from  A  to  E,  are  respectivelj 
1405.82477  North  Latitade,  and  J^ 
5314.84587  East  Departore.  The 
course,  £A,  corresponding  to  this  de- 
ficiency we  find,  by  proceeding  as  in  case  1,  to  be  S.  75'  11'  16 
W.,  5497.026.  The  an^e  AEP  is  therefore  =  75'  11'  15" 
18'  =  57'  11'  15".  Then  in  the  triangle  AEF  are  gjven  the 
sides  AE,  AF,  and  the  angle  AEF  to  find  the  remaining  parts ; 
viz.  the  angle  AFE  =  91'  28'  21",  whence  Uie  Bearing  of 
FA  =  91'  28'  21"— 18'  =  N.  78'  28'  21"  W.;  and  the  side 
EF  =  2860. 


(442)  When  the  deflclent  sides  are  separated  fkiHB  each  other. 

A  modification  of  the  preceding  method  'will  still  apply.    In  thifl 

figure  let  the  omissions  be  the  Bearing 

of  FA  and  the  length  of  CD.    Ima^ne 

the  courses  to  change  places  "without 

chan^g  Bearings  or  lengths,  so  as  to 

bring  the  deficient  lines  next  to  each  B 

other,  by  transferring  CD  to  AG,  AB 

to  GH,  and  BO  to  HD.    This  will  not  A 

affect  their  Latitudes  or  Departures. 

JoinGF.   Then  in  tiie  figure  DEFGH, 

the  Latitudes  and  Departures  of  all  the  sides  but  FG  are  known, 

whence  its  length  and  Bearing  can  be  found  as  in  Case  1. 

Then  the  triangle  AGF  may  be  treated  like  the  triangle  AEF 

in  the  last  article,  to  obtain  the  length  of  AG  as  CD,  and  tiie  Bea^ 

mg  of  FA. 


(44S)  OthermsBj  by  changing  the  Meridian.  Lnagme  the  field 
to  turn  around,  tiU  the  side  of  which  the  distance  is  unknown, 
becomes  the  Meridian,  i.  e.  comes  to  be  due  North  and  South  * 
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all  the  other  ndes  retaJning  their  relative  positions,  and  continuing 
to  make  the  same  angles  "with  each  other.  Change  their  Bearings, 
accordingly,  aa  directed  in  Art.  (244).  find  the  Latitudes  and 
Departures  of  the  sides  in  their  new  positions.  Since  the  side 
whose  length  was  unknown  has  been  made  the  Meridian,  it  has  no 
Departure,  whatever  may  be  its  unknown  length ;  and  the  difference 
of  tiie  columns  of  Departure  will  therefore  be  the  Departure  of  the 
side  whose  Bearing  is  unknown.  The  length  of  this  side  is  given. 
It  is  the  hypothenuse  of  a  right  angled  triangle,  of  winch  the  De- 
parture  is  one  side.  Hence  the  other  side,  which  is  the  Latitude, 
can  be  at  once  found ;  and  also  tiie  unknown  Bearing. 

Put  this  Latitude  in  the  Table  in  the  blank  where  it  belong?. 

Then  add  up  the  columns  of  Latitude,  and  the  difference  of  their 

sums  will  be  the  unknown  length  of  the  side  which  had  been  made 

a  Meridian.* 

Let  the  omitted  quantities  be,  as  in  the  last  article,  the  length 

of  CD  and  the  (Bearing  of  FA. 
Make  CD  the  Meridian.  The  chang- 
ed Bearings  will  then  be  found  by 
Art.  (244)  to  be  as  in  the  mar^. 
To  aad  the  imagination,  turn  the 
book  around  till  CD  pomts  up  and 
down,  as  North  lines  are  usually 
placed  on  a  map.  Then  obtain  the  Latitudes  of  the  courses  with 
their  new  Bearings  and  old  distances,  and  proceed  as  has  been 
directed. 

Case  8.     WJien  the  lengths  of  two  sides  are  wanting. 

(444)  When  the  defleient  sHes  atOoln  each  ofber.  find  the 
Latitudes  and  Departures  of  tiie  other  courses,  and  then,  by  Case 
1,  find  the  length  and  Bearing  of  the  line  joining  the  extremities 
of  the  deficient  courses.  Then,  in  the  triangle  thus  formed,  are 
known  one  side  and  all  the  angles  (deduced  from  the  Bearings)  t^ 
find  the  lengths  of  the  other  two  sides. 

*  Thia  conception  of  thns  changing  the  Bearings  ii  stated  to  be  dae  to  Prok 
Robert  Patterson,  of  Philadelphia,  by  whom  it^  was  commnnicated  to  Mr  Johi 
fiommere,  and  published  by  nim,  in  1814,  in  hit  "  Treatise  on  Surveying  '* 


STA. 

A 

OLD   BIARINO. 

NKW   BEARINO. 

North. 

N.  80*  W. 

B 

N.  32»  B. 

N.  48*  W. 

0 

N.  80*  B. 

North, 

D 

S.  48^"  B. 

N.  52*  B. 

£ 

8.  18*  W. 

S.  65»»  B. 

F 
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Thus,  in  Ilg.  303,  page  299,  let  EF  and  FA  be  the  sides  whose 
•engths  are  unknown.  EA  is  then  to  be  calculated,  and  ito  length 
will  be  found,  as  in  Art.  (411),  to  be  5497.026,  and  its  bearing 
S.  75'  11'  15"  W.,  whence  the  angle  AEF=  75*  11'  15"  — 18* 
=  570  11'  15" ;  AFE  =.  18'  +  73^  28'  21"  =  91'  28'  21" ;  and 
E  AF  «  31'  20'  24" ;  whence  can  be  obtained  EF  =  2860  and 
FA  »  4621.5. 

(445)  Wken  tba  deflctont  sides  are  sejiarated  fki^m  each  ether 

Let  the  lengths  of  BC  and  DE  be  those 
omitted.  Agab  imagine  the  courses 
to  change  places,  so  as  to  bring  the 
deficient  lines  together,  DE  being 
transferred  to  GO,  and  CD  to  GE. 
Join  BG.  Then  in  the  figure 
ABGEFA,  are  known  the  Latitudes 
and  departures  of  all  the  courses  ex- 
cept BG,  whence  its  length  and  Bearing 
can  be  found  as  in  Case  1.  Then  in  the  triangle  BCG,  the  angle 
CBG  can  be  found  from  the  Bearings  of  CB  and  BG,  and  the  angle 
CGB  from  the  Bearings  of  BG  and  GC.  Then  all  the  angles  of 
the  triangle  are  known  and  one  side,  BG,  whence  to  find  the 
required  sides,  BC  ^  1782,  and  CG  =  DE  zs  2700. 

(446)  OihetwUe^hy  changing  the  Meridian.  AsinArt.  (44S), 
ima^e  the  field  to  turn  around,  till  one  of  the  sides  whose  length 
is  wanting,  becomes  a  Meridian  or  due  North  and  South.  Change 
all  the  Bearings  correspondinglj.  YuA  the  Latitudes  and  Depar- 
tures of  the  changed  courses.  The  difference  of  the  columns  of 
Departure  will  be  the  Departure  of  the  second  course  of  unknown 
length,  since  the  course  made  Meridian  has  now  no  Departure. 
The  new  Bearing  of  this  second  course  bemg  gjiven,  in  the  right 
angled  triangle  formed  by  this  course  (as  an  hjpothenuse)  and  its 
Departure  and  Latitude,  we  know  one  side,  the  Departure,  and 
the  acute  angles,  which  are  the  Bearing  and  its  complement.  The 
length  of  the  course  is  then  readily  calculated ;  and  also  its  Lati- 
kude.    This  Latitude  being  inserted  in  its  proper  place,  the  iiffer* 
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STA. 

A 

OLD    BKABINQ. 

NKW    BEARINO. 

North. 

N.  32*  W. 

B 

N.  320B. 

North, 

C 

N.  8(r»B. 

N.  48»  E. 

D 

S  48<*E. 

8.  80»B. 

E| 

8.  :s»  W.            8.  W  B. 

Fl 

N.  73«  28*  21"  W.  8.  74°  31   39"  W. 

ence  of  tiie  colonms  of  Latitude  will  be  the  length  of  that  wanting 
8ide  which  had  been  made  a  Meridian. 

Thus,  let  the  lengths  of  BC  and  DE  be  wanting,  aa  in  the  pre- 
ceding example.  Make  BG 
a  Meridian.  The  other  Bear^ 
ings  are  then  changed  as  in 
the  mar^n.  Calculate  new 
Latitudes  and  Departures. 
The  difference  of  the  Depar* 
cures  will  be  the  Departure 
of  DE,  since  BC,  being  a  Meridian,  has  no  Departure.  Hence  the 
length  and  Latitude  of  DE  are  readilj  obtained.  This  Latitude 
being  put  in  the  table,  and  the  columns  of  Latitude  then  added  un. 
their  difference  will  be  the  length  of  BC* 

Case  4.     When  the  Bearings  of  two  rides  are  wanting. 

(447)  When  the  deficient  sides  adjoin  eacli  other.  Find  the 
Latitudes  and  Departures  of  the  otiior  sides,  and  then,  as  in  Case 
1,  find  the  length  and  bearing  of  the  line  joining  the  eztremitiet 
of  the  deficient  sides.  Then  in  the  triangle  thus  formed  we  haye 
the  tiiree  sides  to  find  the  angles  and  thence  the  Bearings. 

(448)  When  tbe  deficient  sides  are  separated  fk-om  eadi  othor 

Change  the  places  of  the  sides  so  as  to  bring  the  deficient  onea 

next  to  each  other.     Thus,  in  the 

figure,  supposing  the  Bearings  of  CD, 

and  EF  to  be  wanting,  transfer  EF  to 

DG,  and  DE  to  GF.     Then  calculate, 

as  in  Case  1,  the  length  and  Bearing  b 

of  the  line  joining  the  extremities  of 

the  deficient  sides,  CG  in  the  figure.    -^ 

This  line  and  the  deficient  sides  form  a 

triangle  in  which  the  three  sides  are 

g^ven  to  determine  the  angles  and  thence  the  required  Beanngi. 

*  The  fullest  inTestiffation  of  tliis  rabjeet^  developing  many  onrious  points,  will 
be  fonnd  in  MaBoheronrs  "Problhnet  de  Giamitrif  pour  les  ArpetUfwrM^  and  Lhii 
illier't  **J'ol^ff<m(nne(H^*    The  method  of  Arte.  (442),  (446^  and  (44S)  is  new. 
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PLANE  TABLE  SURVEYING. 


(Ill)  Thb  Plane  Table  k  m  substance  merely  a  dnii?ing  boiid 
fixed  on  a  tripod,  so  that  lines  maj  be  drawn  on  it  by  a  nder  placed 
so  as  to  point  to  any  object  in  sight.  All  its  parts  are  mere  addi- 
tions to  render  this  operation  more  convenient  and  precise.* 

Sach  an  arrangement  may  be  applied  to  any  kind  of  ^^  Angular 
Surveying" ;  such  as  the  Third  Method,  ^^  Polar  Surveying/^  in 
its  two  modifications  of  Badiatian  and  Progressionj  (characterized 
m  Art.  (220)),  and  the  Fourth  Method,  by  Iktersectians.  Each 
of  these  will  be  successively  expluned.  The  instrument  is  very 
convenient  for  filling  in  the  details  of  a  survey,  when  the  principal 
p<nnt8  have  been  determined  by  the  more  precise  method  of  **  Tri- 
angular Surveying,''  and  can  then  be  platted  on  the  paper  in 
advance.  It  has  the  great  advantage  of  dispenong  with  all 
notes  and  records  of  the  measurements,  since  they  are  platted  as 
they  are  made.  It  thus  saves  time  and  lessens  mistakes,  but  is 
wanting  in  precision. 

(150)  The  Table*  It  is  usually  a  rectangular  board  of  well 
seasoned  pine,  about  20  inches  wide  and  80  long.  The  paper  to 
be  drawn  upon  may  be  attached  to  it  by  drawing->pins,  or  by  clamp- 
ing  plates  fixed  on  its  sides  for  that  purpose,  or  by  springs  pressed 
upon  it,  or  it  may  be  held  between  rollers  at  opposite  sides  of  the 
table.  G^nted  paper  is  less  dazzling  m  the  sun.  Gugnot's  joint 
described  on  page  184,  is  the  best  for  connecting  it  with  its  tripod, 
though  a  pair  of  parallel  plates,  like  those  of  the  Theodolite,  are 
often  josed.  A  detached  level  is  placed  on  the  board  to  test  its 
horisontality ;  though  a  smooth  ball,  as  a  marble,  will  answer  the 
same  purpose  approximately. 

*  nt  PkM  TthU  k  Bol »  OontwmMtTt  or  AngUmmimrtf  flk*  ftt 
bvta  Simtgrapk^  or  AngU-dtonott, 
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A  pair  of  sights,  like  those  of  the  compass,  are  sometames 
placed  under  the  board,  serving,  like  a  ^^  Watch  Telescope,"  (Art. 
(SS9},  to  detect  any  movement  of  the  instrument.  To  find  what 
point  on  the  lower  side  of  the  board  is  exactly  under  a  point  on 
the  upper  side,  so  that  by  suspending  a  plumV-line  fix)m  the  former 
the  latter  may  be  exactly  over  any  desired  point  of  ground,  a  large 
pair  of  ^^  callipers,"  or  dividers  with  curved  legs,  may  be  used,  one 
of  their  points  being  placed  on  the  upper  point  of  the  board,  and 
their  other  point  then  determining  the  corresponding  under  point ; 
or  a  frame  forming  three  sides  of  a  rectangle,  like  a  slate  frame, 
may  be  placed  so  that  one  end  of  one  side  of  it  touches  the  upper 
point,  and  the  end  of  the  corresponding  ade  is  under  the  table 
precisely  below  the  ^ven  point,  so  that  firom  this  end  a  plumV-line 
can  be  dropped.  A  compass  is  sometimes  attached  to  the  table, 
or  a  detached  compass,  consisting  of  a  needle  in  a  narrow  box, 
(called  a  Declinator),  is  placed  upon  it,  as  desired.  The  edges 
of  the  table  are  sometimes  divided  into  degrees,  like  the  ^^  Drawing 
board  Protractor,"  Art.  (278).  It  then  becomes  a  sort  of  Qomo 
meter,  like  that  of  Art.  (213). 

(151)  The  AUdade^  The  ruler  has  a  fiducial  or  feather  edge, 
which  may  be  divided  into  inches,  tenths,  &c.  At  each  end  it 
carries  a  sight  like  those  of  the  compass.  Two  needles  would  be 
tolerable  substitutes.  The  si^ts  project  beyond  its  edge  so  that 
their  centre  lines  shall  be  precisely  in  the  same  vertical  plane  as  this 
elge,  in  order  that  the  lines  drawn  by  it  may  correspond  to  the 
lines  sighted  on  by  them.  To  test  this,  fix  a  needle  in  the  board, 
piace  the  ruler  against  it,  sight  to  some  near  point,  draw  a  line 
by  the  ruler,  turn  it  end  for  end,  again  place  it  against  the  needle, 
again  sight  to  the  same  point,  and  draw  a  new  line.  K  it  coincides 
with  the  former  line,  the  above  condition  is  satisfied.  The  ruler 
and  sights  together  take  the  name  otAltdade.  If  a  point  should 
be  too  high  or  too  low  to  be  seen  with  the  alidade,  a  plumb-line, 
held  between  the  eye  and  the  object,  will  remove  the  difficulty. 

A  telescope  is  sometimes  substituted  for  the  sights,  being  sup- 
ported above  the  ruler  by  a  standard,  and  capable  of  pointmg 
upward  or  downward.     It  admits  of  adjustments  similar  in  principle 
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tt)  the  2d  and  8d  adjustments  of  Uie  Transit,  Part  IV,  Chapter  8, 
pages  242  and  246. 

But  even  without  these  adjustments,  whether  of  the  sights  or 
of  the  telescope,  a  survej  could  be  made  which  would  be  pei^ 
fectly  correct  as  to  the  relative  position  of  its  parts,  howerer  far 
the  line  of  ri^t  ought  be  firom  Ijing  in  the  same  yertical  plane 
as  the  edge  of  the  ruler,  or  even  from  being  paraUel  to  it ;  just  as 
in  the  Transit  or  Theodolite  the  index  or  vernier  need  not  to  be 
exactly  under  the  vertical  hair  of  the  telescope,  nnce  the  angular 
deviation  aflEects  all  the  observed  directions  equally. 

(4S2)  Methed  of  Badlatfoii*    This,  b  the  simplest,  though  not 
the  best,  method  of  surveying  with  the  Plane-table.    It  is  especi- 
ally applicable  to  survey-  Fig.  307. 
ing  a  field,  as  in  the  figure.  ^.Jr^ 
In  it  and  the  following  fi- 
gures, the  size  of  the  Table 
is  much  exaggerated.     Set 
the  instrument  at  any  conve- 
nient point,  asO;  level  it,  ^\^           L^fll^sU  / 

and  fix  a  needle  (having  a        N.         /    1 ^s.         / 

head  of  sealing-wax)  in  the  ^\/^'^^     ^"""""^-'^^^^iw 

board  to  represent  tibe  sta-  F  D 

tion.  Direct  the  alidade  to  any  comer  of  the  field,  as  A,  the  fiducial 
edge  of  the  ruler  touching  the  needle,  and  draw  an  indefinite  line  by 
it.  Measure  0 A,  and  set  off  the  distance,  to  any  derired  scale,  firom 
the  needle  point,  along  the  line  just  drawn,  to  a.  The  line  OA  is 
thus  pbitted  on  the  paper  of  the  table  as  soon  as  determined  in  the 
field*.  Determine  and  plat  in  the  same  way,  OB,  OG,  &c.,  to  6,  c, 
&c.  Join  ofr,  bcj  &c.,  and  a  complete  plat  of  the  field  is  obtained. 
Trees,  houses,  hills,  bends  of  rivers,  &;c.,  may  be  determnied  in 
the  same  manner.  The  corresponding  method  with  the  Compass 
or  Transit,  was  described  in  Articles  (286)  and  (S»l).  The  table 
may  be  set  at  one  of  the  angles  of  the  field,  if  more  convenient. 
If  the  alidade  has  a  telescope,  the  method  of  measunng  distancea 
with  a  stadia,  described  in  Art.  (8W),  may  be  here  applied  witb 
great  advantage. 
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(I5S)  method  of  Fr^gnaAw.  Let  ABCD,  &c.,  bo  the  lino 
to    be    surveyed.  F»g.  308. 

fix  a  needle  at  a 
conyenient  point 
of  the  Plane-table,  \ 
near  a  corner  bo 
as  to  leave  room 
for  the  plat,  and 
set  np  the  table  at 
B,  the  second  an- 
gle of  the  line,  so 
that  the  needle, 
whose  point  repre- 
sents B,  and  which  should  be  named  &,  shall  be  exactly  over  that 
station.  Si^t  to  A,  pressdng  the  fiducial  edge  of  the  ruler  against 
the  needle,  and  draw  a  line  by  it.  Measure  BA,  and  set  off  its 
length,  to  the  desired  scale,  on  the  line  just  drawn,  from  5  to  a 
pomt  a,  representing  A.  Then  sight  to  C,  draw  an  indefinite  lino 
by  the  ruler,  and  on  it  set  off  the  length  of  BO  from  i  to  c.  Vix 
die  needle  at  c.  Set  np  at  0,  the  point  e  being  over  this  station, 
and  rmke  the  line  eb  of  the  plat  coincide  in  direction  with  GB  on 
the  ground,  by  placing  the  edge  of  the  ruler  on  ci,  and  turning  the 
table  till  the  sights  point  to  B.  The  compass,  if  the  table  have 
one,  will  facilitate  this.  Then  sight  forward  from  C  to  D,  and  fix 
CD,  ^d  on  the  plat,  as  be  was  fixed.  Set  up  at  D,  make  de  coincide 
with  DO,  and  proceed  as  before.  The  figure  shews  the  lines 
drawn  at  each  successive  station.  The  Table  drawn  at  A  shews 
how  the  survey  might  be  commenced  there. 

In  going  around  a  field,  the  work  would  be  proved  by  the  last 
line  ^^  closing"  at  the  starting  point; and,  during  the  progress  ol 
the  survey,  by  any  direction,  as  from  0  to  A  on  the  ground,  c<»n- 
ciding  with  the  corresponding  line,  ea,  on  the  plat. 

This  method  is  substantially  the  same  as  the  method  of  survey- 
ing a  line  with  the  Transit,  explained  in  Art.  (S72).  It  requires 
all  the  points  to  be  accessible.  It  is  especially  suited  to  the  sur 
vey  of  a  road,  a  brook,  a  winding  path  through  woods,  &c.  The 
oflEscts  required  may  often  be  sketehed  in  by  eye  with  sufiicieni 
precision. 
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When  the  paper  is  filled,  put  on  a  new  sheet,  and  be^  by  fixing 
on  it  two  points,  such  as  C  and  D,  which  were  on  the  former  sheet, 
and  from  them  proceed  as  before.  The  sheets  can  then  be  after- 
wards united,  so  that  all  the  points  on  both  shall  be  in  their  true 
tektiye  positions. 

(451)  fflefliod  of  iBtersectionf  This  is  ihe  most  usual  and 
the  x&ost  rapid  method  of  using  the  Plane-table.  The  principle 
was  referred  to  m  Articles  (2W)  and  (892).  Set  up  the  instru- 
ment at  any  convenient  point,  as  X  in  the  figure,  and  sight  to  all 

Fig.  309. 


the  desired  points  A,  B,  G,  &;c.,  which  arq  yisible,  and  draw  inde- 
finite lines  in  their  directions.  Measure  any  line  XY,  T  being 
one  of  the  points  sighted  to,  and  set  o£f  this  line  on  the  paper  to 
any  scale.  Set  up  at  Y,  and  turn  the  table  till  the  line  XY  on 
the  paper  lies  in  the  direction  of  XY,  on  the  ground,  as  at  G  m  the 
last  method.  Sight  to  all  the  former  pomts  and  draw  lines  in  their 
directions,  and  the  intersections  of  the  two  lines  of  sight  to  each 
point  will  determine  them,  by  the  Fourth  Method,  Art.  (8). 
Points  on  the  other  side  of  the  line  XY  could  be  determined  at  the 
same  time.  In  surveying  a  field,  one  side  of  it  may  be  taken  for 
the  base  XY.  Very  acute  or  obtuse  intersections  should  be 
avoided.  80°  and  150^  should  be  the  extreme  limits.  The  impos- 
sibility of  always  doing  this,  renders  this  method  often  deficient  in 
precision.  When  the  paper  is  filled,  put  on  a  new  sheet,  by  fixing 
it  two  known  pomts,  as  m  the  preceding  method. 
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(l5<)HMMMlofIte8eetiMt   This  method  (oaUed  by  the  Fronoh 
ReeovpmnmS)  is  a  modification  of  the  preceding  method  of  Inter 

Fig.  310. 


lection.  It  requires  the  measurement  of  only  one  distance,  bat  aO 
the  points  must  be  accessible.  Let  AB  be  the  measured  distance. 
Lay  it  off  on  the  paper  as  ah.  Set  the  table  up  at  B,  and  turn  it 
till  the  line  ha  on  the  paper  coincides  vith  BA  on  the  ground,  as 
in  the  Method  of  Progression.  Then  sight  to  C,  and  draw  an  inde- 
finite line  by  the  ruler.  Set  up  at  G,  and  turn  the  line  last  drami 
so  as  to  point  to  B.  fix  a  needle  at  a  on  the  table,  place  the 
alidade  against  the  needle  and  turn  it  till  it  sights  to  A.  Then  the 
point  in  which  the  edge  of  the  ruler  cuts  the  line  drawn  from  B 
will  be  the  point  c  on  the  table.  Next  sight  to  D,  and  draw  an 
indefinite  line.  Set  up  at  D,  and  make  the  line  last  drawn  point 
to  0.  Then  fix  the  needle  at  a  or  5,  and  by  the  alidade,  as  at  the 
last  station,  get  a  new  line  back  from  either  of  them,  to  cut  the  last 
drawn  line  at  a  point  which  will  be  d.  So  proceed  as  far  as  de- 
sired, 

(456)  To  orient  the  takle**  The  operation  of  orientatLon  con- 
sists in  placing  the  table  at  any  point  so  that  its  lines  shall  hare 
the  same  directions  as  when  it  was  at  previous  stations  in  the  same 
survey. 

*  The  French  pbrmie,  To  orimt  one's  self,  meaning  to  determine  one's  positioni 
■sanllj  with  respect  to  the  four  quarters  of  the  heavens,  of  which  the  Orient  if 
ihe  leading  one,  well  deserves  naturalisation  in  our  language. 
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With  a  compass,  this  is  Tory  easily  efieoted  by  turning  the  table 
till  the  needle  of  the  attached  compass,  or  that  of  the  Declinator, 
placed  in  a  fixed  position,  pomts  to  the  same  degree  as  when  at 
the  previous  station. 

Without  a  compass  the  table  is  oriented,  when  set  at  one  end  of 
a  line  previously  determined,  by  sighting  back  on  this  line,  as  at  C 
in* the  Method  of  Progresnon,  Art.  (468). 

To  orient  the  table,  when  at  a  station  unconnected  with  others, 
is  more  difBcult.  It  may  be 
effected  thus.  Let  ab  on  the  ta- 
ble represent  a  line  AB  on  the 
ground.  Set  up  at  A,  make  ab 
coincide  with  AB,  and  draw  a 
line  from  a  directed  towards  a 
steeple,  or  other  conspicuous  ob- 
ject, 88  S.  Do  the  same  at  B.  Draw  a  line  cd,  parallel  to  abj 
and  intercepted  between  aS,  and  ftS.  Divide  ah  and  cd  into  the 
same  number  of  equal  parts.  The  table  is  then  prepared.  Now 
let  there  be  a  station,  P,  p  on  the  table,  at  which  the  table  is  to  be 
onented.  Set  the  table,  so  that  p  is  over  P,  apply  the  edge  of  the 
ruler  to  p,  and  turn  it  till  this  edge  cuts  ed  m  the  division  corre- 
sponding to  &at  in  which  it  cuts  ab.  Then  turn  the  table  tall  the 
n^ts  point  to  S,  and  the  table  will  be  oriented. 

(457)  To  iDd  one's  place  on  tke  ground.  This  problem  may 
be  otherwise  expressed  as  Interpolating  a  point  in  a  plat.  It  is 
most  easily  performed  by  reversing  the  Method  of  Intersection. 
Set  tip  the  table  over  the  station, 
0  in  the  figure,  whose  place  on 
the  plat  already  on  the  table  is 
desired,  and  oriewb  %  by  one  of 
che  means  described  in  the  last 
article.  Make  the  edge  of  the 
ruler  pass  through  some  point,  a 
on  the  table,  and  turn  it  till  the 
nghts  point  to  the  corresponding 
station,  A  on  the  ground.    Draw  a  line  by  the  ruler.    The  demred 
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point  ia  somewhere  m  this  line.  Make  the  ruler  pass  through 
another  point,  b  on  the  table,  and  make  the  sights  point  to  B  on 
the  ground  Draw  a  second  line,  and  its  intersection  with  the 
6rst  will  be  the  point  desired.  Using  0  in  the  same  way  would 
^ve  a  third  line  to  prove  the  work.  This  operation  may  be  used 
as  a  new  method  of  surveying  with  the  plane-table,  since  any 
number  of  points  can  have  their  places  fixed  in  the  same  manner. 
This  problem  may  also  be  executed  on  the  principle  of  Trilinear 
Surveying.  Three  points  being  ^ven  on  the  table,  lay  on  it  a  piece 
of  transparent  paper,  fix  a  needle  any  where  on  this,  and  with  the 
alidade  sight  and  draw  lines  towards  each  of  these  three  pomts 
on  the  ground.  Then  use  this  paper  to  find  the  desired  point,  pre- 
cisely as  directed  in  the  last  sentence  of  Art.  (S98),  page  277 

(458)  Inaeeessibfe  distances*  Many  of  the  problems  in  Part 
YII.  can  be  at  once  solved  on  the  ground  by  the  plane-table,  since 
it  is  at  the  same  time  a  Goniometer  and  a  Protractor.  Thus,  the 
Problem  of  Art.  (iS5)  may  be  solved  as  follows,  on  the  principle 
of  the  construction  in  the  last  paragraph  of  that  article.  Set  the 
table  at  0.  Mark  on  it  a  point,  (/y  to  represent  C,  placing  ^ 
vertically  over  G.  Sight  to  A,  B  and  D,  and  draw  corresponding 
lines  from  </.  Set  up  at  D,  mark  any  point  on  the  line  drawn  firom 
e'  towards  D,  and  call  it  d\  Let  df  be  exactly  over  D,  and  direct 
dV  toward  G.  Then  sight  to  A  and  B,  and  draw  corresponding 
lines,  and  their  intersections  with  the  lines  before  drawn  towards 
A  and  B  will  fix  pomts  a'  and  b\  Then  on  the  line  joining  a  and 
(,  ^ven  on  the  paper  to  represent  A  and  B,  ab  being  equal  to  AB 
on  any  scale,  construct  a  figure,  abcdj  similar  to  a'b'(fd\  and  the 
lino  ed  thus  determmed  will  represent  CD  on  the  same  scale  as  AB 


PART  IX. 


ING  WITHOUT  INSTRUMENTS. 

(IS9>  The  Principles  which  were  established  in  Part  I,  and  subse- 
quentilj  applied  to  suryejing  with  yarious  instruments,  may  also  be 
employed,  with  tolerable  correctness,  for  determining  and  represent- 
ing the  relative  positions  of  larger  or  smaller  portions  of  the  earth's 
surface  without  any  Instruments  but  such  as  can  be  extemporized. 
The  prominent  objects  on  the  ground,  such  as  houses,  trees,  the* 
summits  of  hills,  the  bends  of  rivers,  the  crossings  of  roads,  &c., 
are  regarded  as  '^points''  to  be  "determined."  Distances  and 
angles  are  consequently  required.  Approidmate  methods  of 
obtaining  these  will  therefore  be  first  given. 

(460)  DisteDces  Dy  pacing*  Quite  an  accurate  measurement 
of  a  line  of  ground  may  be  made  by  walking  over  it  at  a  uniform 
pace,  and  counting  the  steps  taken.  But  the  art  of  walking  in  a 
straight  line  must  first  be  acquired.  To  do  this,  fix  the  eye  on  two 
objects  in  the  desired  line,  such  as  two  trees,  or  bushes,  or  stones, 
or  tufts  of  grass.  Walk  forward,  keeping  the  nearest  of  these 
objects  steadily  covering  the  other.  Before  getting  up  to  the 
nearest  object,  choose  a  new  one  in  line  farther  ahead,  and  then 
proceed  as  before,  and  so  on.  It  is  better  not  to  attempt  to  make 
each  of  the  paces  three  feet,  but  to  take  steps  of  the  natural  lengthy 
and  to  ascertain  the  value  of  each  by  walking  over  a  known  dis- 
tance, and  dividing  it  by  the  number  of  paces  required  to  traverse 
it.  Every  person  should  thus  determine  the  usual  length  of  his 
own  steps,  repeating  the  experiment  sufficientiy  often.  The  French 
*  CFeographicaJ  Engineers "  accustom  themselves  to  take  regular 
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Bteps  of  eightrtenths  of  a  metres  equal  to  two  feet  seven  and  a  half 
inches.  The  English  nulitary  pace  is  two  feet  and  six  inches. 
This  is  regarded  as  a  usual  average.  108  such  paces  per  minute 
^ve  8.07  English  miles  per  hour.  Quick  pacing  of  120  such  paces 
per  minute  gives  8.41  miles  per  hour.  Slow  paces,  of  three  feet 
each  and  60  per  minute,  ^ve  2.04  miles  per  hour.* 

An  instrument,  called  a  Pedometer,  has  been  contrived,  which 
counts  the  steps  taken  bj  one  wearing  it,  without  any  attention  on 
his  part.  It  is  attached  to  the  body,  and  a  cord,  passing  from  it 
to  the  foot,  at  each  step  moves  a  toothed  wheel  one  division,  and 
some  intermediate  wheelwork  records  the  whole  number  upen  a  dial. 

(461)  Distances  ky  visual  angles*  Prepare  a  %edU^  by  marking 
off  on  a  pencil  what  length  of  it,  when  it  is  held  off  at  arm's  length, 
a  man's  height  appears  to  cover  at  different  distances  (previously 
measured  with  accuracy)  of  100,  500, 1000  feet,  &;c.  To  apply 
this,  when  a  man  is  seen  at  any  unknown  distance,  hold  up  the 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  line  £x)m 
the  eye  to  his  head,  and  placing  the  thumb  nail  in  the  line  &Qm 

Fig.  313. 
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tht>  eye  to  his  feet,  as  in  Kg.  818.  The  pencil  having  been  previ- 
ously graduated  by  the  method  above  explained,  the  portion  of  it 
now  intercepted  between  these  two  lines  will  mdicate  the  corre- 
sponding distance. 

If  no  previous  scale  have  been  prepared,  and  the  distance  of  a 
man  be  required,  tane  a  foot-rule,  or  any  measure  minutely  divided* 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then  knowing  the  distance  from  the  eye  to  the 
rule,  a  statement  by  the  Rule  of  Three  (on  the  principle  of  similar 
triangles)  will  give  the  distance  required.  Suppose  a  man's  height, 
of  70  inches,  covers  1  inch  of  the  rule.    He  is  tilien  70  times  as  &r 

•  A  hone,  on  a  walk,  averages  830  feet  per  miDute,  on  a  trot  650,  and  on  a  com 
men  gallop  1040.    For  longer  times,  the  differenoe  in  horaes  is  more  apparent 
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from  die  eye  as  the  rtile ;  and  if  its  distance  be  2  feet,  that  of  the 
man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordinary 
house,  of  an  apple-tree,  the  length  of  a  fence-rail,  &c.,  may  be 
be  taken  as  the  standard  of  comparison* 

To  keep  the  arm  immoyable,  tie  a  string  of  known  length  to  the 
pencil,  and  hold  between  the  teeth  a  knot  tied  at  the  other  end  of 
ike  string. 

(462)  INstaiices  by  vlsibllityt  The  degree  of  visibility  of  vari- 
ous well-known  objects  will  indicate  approximately  how  far  distant 
they  are.  Thus,  by  ordinary  eyes,  the  windows  of  a  large  house 
can  be  counted  at  a  distance  of  about  18000  feet,  or  2^  miles ; 
men  and  horses  will  be  peredved  as  points  at  about  half  &at  dis- 
tance, or  1|  miles ;  a  horse  can  be  clearly  distinguished  at  about 
4000  feet ;  the  movements  of  meir  at  2600  feet,  or  half  a  mile ; 
and  the  head  of  a  man,  occasionally,  at  2800  feet,  and  very  plainly 
at  1800  feet,  or  a  quarter  of  a  mile.  The  Arabs  of  Algeria  define 
a  mile  as  ^^  the  distance  at  which  you  can  no  longer  distinguish  a 
man  from  a  woman."  These  distances  of  visibility  will  of  course 
vaiy  somewhat  with  the  state  of  the  atmosphere,  and  still  more  with 
mdividual  acuteness  of  sight,  but  each  person  should  make  a  corre 
spending  scale  for  himself. 

(46S)  Distances  by  sound*  Sound  passes  through  the  air  mth 
a  moderate  and  known  velocity ;  light  passes  almost  instantaneously. 
K,  then,  two  distant  points  be  visible  from  each  other,  and  a  gun 
be  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  heard,  can  teU  by  the  intervening  number  of 
seconds  how  &r  apart  the  points  are,  knowing  how  far  sound  travels 
in  a  second.  Sound  moves  about  1090  feet  per  second  in  dry  air, 
with  the  temperature  at  the  freeidng  point,  82^  Fahrenheit.  For 
higher  or  lowei  temperatures  add  or  subtract  1^  foot  for  each  degree 
of  Fahrenheit.  K  a  wind  blows  with  or  agunst  the  movement  of 
the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  the  correction  will  evidently  equal  its  velocity  multiplied 
by  the  cosme  of  the  angle  which  the  direction  of  the  wind  makes 
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with  the  directioii  of  die  Boimd.*  If  the  gun  be  fired  at  eadi  end 
of  the  base  in  torn,  and  the  means  of  the  times  taken,  the  eflbct  of 
the  wind  wiO  be  eliminated. 

If  a  watch  is  not  at  hand,  suspend  a  pebble  to  a  string  (such  as 
a  thread  drawn  from  a  handkerchief)  and  comit  its  vibrations.  If 
it  be  89}  inches  long,  it  will  vibrate  in  one  second ;  if  9}  inches 
long,  in  half  a  second,  &c.  If  its  length  ia  unknown  at  the  time, 
still  count  its  vibrations ;  measure  it  subsequently ;  and  then  will 

the  time  of  its  vibration,  m  seconds,  =    //  ^°^    «"Pg\  ^ 

(IC4)  AlgJeSt  Bi^t  angles  are  those  most  firequentiy  required 
in  this  kind  of  survey,  and  the j  can  be  estimated  by  the  eye  with 
much  accuracy.  If  other  an^es  are  desired,  they  wiQ  be  deter> 
mined  by  measuring  equal  distances  along  the  lines  which  make  the 
an{^e,  and  then  the  line,  or  chord,  joining  the  ends  of  these  distan 
ces,  thus  formmg  chain  angles,  explained  in  Art.  (1M}« 

(46S)  Methods  of  operatttn.  The  ''  ilrst  Method"  of  deter 
Duning  the  podtion  of  a  point,  Art  (i),  is  the  one  most  generally 
applicable.  Some  line,  as  AB  in  Fig.  1,  is  paced,  or  otherwise 
measured,  and  then  the  lines  AS  and  BS ;  the  point  S  is  thus  de 
tennined. 

The  '^  Second  Method,"  Art.  (6),  is  also  much  employed,  the 
rig^t  angles  being  obtained  by  eye,  or  by  the  easy  methods  ^ven 
in  Part  11,  Chapter  Y,  Arts.  (110),  &o.  It  is  used  for  offiets,  as 
m  Part  11,  Chapter  m,  Arts.  (114),  &;c. 

The  <'  Third  Method,"  Art.  (7),  may  also  be  used,  the  angles 
bemg  determined  as  in  Art.  (4M). 

The  ^^  Fourth  Method,"  Art.  (8),  may  also  be  employed,  the 
angles  being  similarly  detenmned. 

The  ^^  fifth  Method,"  Art.  (10),  would  seldom  be  used,  unless 
by  making  an  extempore  plane-table,  and  proceeding  as  directed 
m  the  last  paragraph  of  Art  (457). 

*  A  gentle,  pleaaant  wind  hai  a  Telocity  of  10  feet  per  second ;  a  bnik  gale 
20  feet  per  leoond  ;  a  wery  briik  gale  30  leet ;  a  high  wind  50  feet ;  a  verj  high 
«rind  70  feet ;  a  itorm  or  tempest  80  feet ;  a  great  storm  100  feet;  a  hnrricaiM 
130  feet ;  and  a  violent  hnrrioane,  that  tears  up  trees,  &c.,  150  feet  per  second 
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The  method  referred  to  in  Art.  (11)  may  also  be  employed. 

When  a  sketch  has  made  some  progress,  new  points  may  h^ 
fixed  on  it  by  their  being  in  line  with  others  already  determined. 

All  these  methods  of  operation  are  shown  in  the  following  figorr 
AB  is  a  line  paced,  or  otherwise  measured  approximately. 

Fig.  314. 


The  hill  C  is  determined  by  the  first  method.  The  riyer  on  ihe 
other  side  of  AB  is  determined  by  ofiets  according  to  the 
Second  Method.  The  house  D  is  determined  by  the  Third  Method, 
EBF  bemg  a  chain  angle.  The  house  G  is  determined  by  the 
Fourth  Method,  chain  angles  being  measured  at  B  and  H,  a  point 
m  AB  prolonged.  The  pond  E  is  determmed,  as  in  Art.  (11),  by 
the  intersection  of  the  alinements  CD  and  OH  prolonged.  The 
bend  of  the  riyer  at  L  is  determined  by  its  distance  from  H  in 
the  line  of  AH  prolonged.  A  new  base  line,  HM,  is  fixed  by  a  chain 
angle  at  H,  and  employed  like  the  former  one  so  as  to  fix  the  hill 
at  N,  &c.  All  these  methods  may  thus  be  used  collectiyely  and 
successiyely.  The  necessary  lines  may  always  be  ranged  with 
rods,  as  directed  in  Art.  (IW),  and  yery  many  of  the  instrumental 
methods  already  explained,  may  be  practiced  with  extempore  con* 
triyances.  The  use  of  the  Plane-table  is  an  admirablb  prepan^ 
tkm  for  this  style  of  suryeying  or  sketching,  which  is  most  fre- 
quentiy  employed  by  Iffilitary  En^eers,  though  they  generally 
we  a  prismatic  Compass,  or  pocket  Sextant,  and  a  sketching  case, 
wtdch  may  serye  as  a  Plane-table. 


PART  X. 


MAPPING. 


CHAPTER  L 


COPTINfi  PLATS. 

(166)  Thb  Plat  of  a  Burvey  necessarily  has  many  Imes  of  oonstnio 
'tion  draim  upon  it,  which  are  not  needed  in  the  finished  map 
These  lines,  and  the  marks  of  instraments,  so  disfigure  the  papei 
that  a  fair  copy  of  the  plat  is  nsnaUy  made  before  the  map  ie 
finished.  The  various  methods  of  copying  plats,  &c.,  whether  on 
the  same  scale,  or  reduced  or  enlarged,  will  therefore  now  be 
described. 

(467)  StretcUng  the  papen  K  the  map  is  to  be  colored,  the 
paper  must  first  be  wetted  and  stretched,  or  the  application  of  the 
wet  colors  will  cause  its  surfieMse  to  swell  or  blister  and  become  uneren. 
Therefore,  with  a  soft  sponge  and  clean  water  wet  the  back  of  the 
paper,  worldng  fix>m  the  centre  outward  in  aJl  directions.  The 
^^  water-mark "  reads  correctly  only  when  looked  at  from  the  fixunt 
side,  which  it  thus  distinguishes.  When  the  paper  is  thorou^y 
wet  and  thtis  greatly  expanded,  glue  its  edges  to  the  drawing  board, 
for  half  an  inch  in  width,  turning  them  up  against  a  ruler,  passmg 
the  glue  along  them,  and  then  turning  them  down  and  pressing 
them  with  the  ruler.  Some  prefer  gluing  down  opposite  edgea  in 
succession,  and  others  adjoining  edges.  The  paper  must  be  mode 
rately  stretched  smooth  during  the  process.  Hot  glue  is  best 
Paste  or  gum  may  be  used,  if  the  paper  be  kept  wet  by  a  damp 
ebih,  so  that  the  edges  may  dry  first.    ^^  Mouth-glue  "  may  be  used 
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by  robbing  it  (moistened  in  the  month  or  xn  bcnling  water)  along  the 
tamed  up  edges,  and  then  rabbing  them  dry  by  an  ivory  folder,  a 
piece  of  dry  paper  being  interposed.  As  this  is  a  slower  process, 
the  middle  of  each  side  should  first  be  fastened  down,  then  the  four 
angles,  and  lastly  liie  intermediate  portions.  When  the  paper 
becomes  dry,  the  creases  and  puckerings  will  have  disappeared, 
and  it  will  be  as  smooth  and  tight  as  a  drum-head. 

(468)  Copying  by  tradiigt  Hz  a  large  pane  of  dear  glass  m 
a  frame,  so  that  it  can  be  supported  at  any  angle  before  a  window, 
or,  at  night,  in  front  of  a  lamp.  Place  the  plat  to  be  copied  oc 
this  glass,  and  the  clean  paper  upon  it.  Connect  them  by  pins, 
&e.  Trace  all  the  desired  lines  of  the  origmal  with  a  sharp  pencil, 
as  lightly  as  they  can  be  easily  seen.  Take  care  that  the  paper 
does  not  dip.  If  the  plat  is  larger  than  the  glass,  copy  its  parts 
snccesdydy,  being  very  careful  to  fix  each  part  in  its  true  relatiye 
position.  Ink  the  lines  with  India  ink,  making  them  very  fine  and 
pale,  if  the  map  is  to  be  afterwards  colored. 

(4W)  Copying  on  tracing  paper*  A  ihin  transparent  paper  is 
prepared  expresdy  for  the  purpose  of  making  copies  of  maps  and 
drawings,  but  it  is  too  delicate  for  much  handling.  It  may  be  pre- 
pared by  soaking  tissue  paper  in  a  mixtare  of  turpentine  and 
Canada  balsam  or  bd^am  of  fir  (two  parts  of  the  former  to  one  of 
the  latter),  and  drying  very  dowly.  Cold  drawn  linseed  oil  will 
answer  tolerably,  the  sheets  bemg  hung  up  for  some  weeks  to  diy. 
Lmen  is  also  similarly  prepared,  and  sold  under  the  name  of 
**  VeUum  tracing  paper."  It  is  less  transparent  than  the  tracing 
paper,  but  is  very  strong  and  durable.  Both  of  these  are  used 
rather  for  preserving  duplicates  than  for  finished  maps.* 

(470)  Copying  by  transihr  paper.  This  is  thm  paper,  one  side 
of  which  is  rubbed  witii  blacklead,  jcc,  smoothly  spread  by  cotton. 
It  is  laid  on  the  clean  paper,  the  blackened  dde  downward,  and 
the  plat  is  placed  upon  it  All  the  lines  of  the  plat  are  then  gono 
ever  with  moderate  pressure  by  a  blunt  point,  such  as  the  eye-end 
jf  a  small  needle.    A  fdnt  tracing  of  these  lines  will  then  be  found 
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on  the  clean  paper,  and  can  be  inked  at  Idysore.  If  the  ori^nai 
c&nnot  be  thus  treated,  it  may  first  be  copied  on  tracing  paper, 
and  this  copy  be  thus  transferred.  If  the  transfer  paper  be  pre- 
pared by  rubbing  it  irith  lampblack  ground  up  with  hard  soap,  its 
lines  will  be  ine&ceable.    It  is  then  called  *^  Camp-paper." 

(471)  Copying  ky  innctires*  Hx  the  clean  paper  on  a  draw- 
ing board  and  the  plat  over  it.  Prepare  a  fine  needle  with  a  seat 
mg-waz  head.  Hold  it  yery  truly  perpendicular  to  the  board,  and 
prick  through  every  an^e  of  the  plat,  and  every  comer  and  inter- 
section of  its  other  lines,  such  as  houses,  fences,  &c.,  or  at  least 
the  two  ends  of  every  line.  For  circles,  the  centre  and  one  point 
of  the  circumference  are  sufBcient.  For  irregular  curves,  such  as 
rivers,  &c.,  enough  points  must  be  pricked  to  indicate  all  their 
sinuosities.  Work  inth  system,  finishing  up  one  strip  at  a  time, 
so  as  not  to  omit  any  necessary  points  nor  to  prick  through  any 
twice,  though  the  latter  is  safer.  When  completed,  remove  the 
plat.  The  copy  will  present  a  wilderness  of  fine  points.  Select 
those  which  determine  the  leading  lines,  and  then  the  rest  will  be 
easily  recognized.  A  beginner  should  first  pencil  the  lines  lightiy, 
and  then  ink  them.  An  experienced  draftsman  will  omit  the  pen- 
cilling. Two  or  three  copies  may  be  thus  pricked  through  at  once. 
The  holes  in  the  original  plat  may  be  made  nearly  in^ble  by 
rubbing  them  on  the  back  of  the  sheet  with  a  paper-folder,  or  the 
thumb  nail. 

(472)  CopylnfT  by  Interseetions*  Draw  a  line  on  the  clean  paper 
equal  in  lengtii  to  some  important  line  of  the  origmal.  Two  start- 
mg  points  are  thusobtamed.  Take  in  the  dividers  the  distance 
from  one  end  of  the  line  on  the  original  to  a  third  pomt.  From 
the  corresponding  end  on  the  copy,  describe  an  arc  with  this  dis- 
tance for  radius  and  about  where  the  point  will  come.  Take  the 
distance  on  the  original  from  the  other  end  of  the  line  to  the  pomt, 
and  describe  a  corresponding  arc  on  the  copy  to  intersect  the 
former  arc  in  a  point  which  will  be  that  desired.  The  principle 
of  the  operation  is  that  of  our  ^^  First  Method,"  Art.  (5).  Two 
Dairs  of  dividers  may  be  used  as  explained  in  Art.  (M).    ^^  Tri* 
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angtdar  Ci>inpa8868/'  having  three  legs,  are  used  by  fixing  two  of 
their  legs  on  the  two  ^yen  points  of  the  ori^ba!,  and  the  third  leg 
on  the  point  to  be  copied,  and  then  transferring  them  to  the  copy. 
All  the  points  of  the  orignal  can  thus  be  accurately  reproduced. 
The  operation  is  however  very  slow.  Only  the  chief  points  of  a 
plat  may  be  thus  transferred,  and  the  details  fiUed  in  by  the  fol- 
lowing method. 

(ITS)  Copying  fey  sqoaresi  On  the  ori^nal  plat  draw  a  series 
of  parallel  and  equidistant  lines.  The  T  square  does  this  most 
readily.  Draw  a  similar  series  at  right  angles  to  these.  The  plat 
will  then  be  covered  with  squares,  as  in  ilg.  88,  page  48.  On 
the  clean  paper  draw  a  similar  series  of  squares.  The  important 
points  may  now  be  fixed  as  in  the  last  article,  and  the  rest  copied 
by  eye,  all  the  points  in  each  square  of  the  original  being  properly 
placed  in  the  corresponding  square  of  the  copy,  noticmg  whether 
they  are  near  the  top  or  bottom  of  each  square,  on  its  right  or  left 
side,  &c.  This  method  is  rapid,  and  in  skilful  hands  quite  accu- 
rate. 

Instead  of  drawing  Imes  on  the  ori^nal,  a  sheet  of  transparent 
paper  containing  them  may  be  placed  over  it ;  or  an  open  frame 
with  threads  stretched  across  it  at  equal  distances  and  at  right 
angles. 

This  method  supplies  a  transition  to  the  Beductian  and  Enlarge- 
ment of  plats  in  any  desired  ratio ;  under  which  ]iQzACopymghy 
the  Pantagraph  and  Camera  Lucida  will  be  noticed. 

(474)  Redaeing  by  Sfnarest  Begm,  as  in  the  preceding  article, 
by  drawing  squares  on  the  original,  or  placing  them  over  it.  Then 
on  the  clean  paper  draw  a  similar  set  of  squares,  but  with  then 
tides  one-half,  one  third,  &c.,  (according  to  the  desired  reduction), 
of  those  of  the  origmal  plat.  Then  proceed  as  before  to  copy  into 
each  small  square  all  the  points  and  lines  found  in  the  large  square 
of  the  plat  in  their  true  positions  relative  to  the  sides  and  comers 
of  the  square,  observing  to  reduce  each  distance,  by  eye  or  as 
directed  in  the  following  article,  in  the  ^ven  ratio. 
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(475)  iMtactaiir  ky  propwdMUd  scakSf*    Many  graphical  me- 
&od8  of  finding  the  proportionate  length  on  the  copy,  of  any  line  of 
the  ori^nal,  may  be  used.    The  ^^  Angle  of  redaction"  is  con 
stmcted  thus.    Draw  any  line 
AB.    With  it  for  radius  and  A  Fi«-  3i5. 

for  centre,  describe  an  indefinite 
arc.  With  B  for  centre  and  a 
radius  equal  to  one-half,  one-third, 
kc.j  of  AB  according  to  the  de- 
sired redaction  describe  another  A  D  B 
arc  intersecting  the  former  arc  in  0.  Join  AC.  From  A  as 
centre  describe  a  series  of  arcs.  Now  to  reduce  any  distance, 
take  it  in  the  dividers,  and  set  it  off  from  A  on  AB,  as  to  D.  Then 
the  distance  from  D  to  E,  the  other  end  of  the  arc  passing  through 
D,  will  be  the  proportionate  length  to  be  set  off  on  the  copy,  in  the 
manner  directed  in  Art.  (472). 

The  Sector,  or  ^^  Compass  of  proportion,''  described  in  Art.  (52), 
presents  such  an  ^^  Angle  of  reduction,"  always  ready  to  be  used 
in  this  manner. 

The  ^^  Angle  of  reduction  "  may  be  simplified  Fig.  sis. 

thus.  Draw  a  line,  AB,  parallel  to  one  side 
of  the  drawing  board,  and  another,  BC,  at  right 
angles  to  it,  and  one-half,  Jcc,  of  it,  as  desired. 
Join  AC.  Then  let  AD  be  the  distance  re- 
qmred  to  be  reduced.  Apply  a  T  square  so  ^ 
as  to  pass  through  D.  It  will  meet  AC  in 
some  point  E,  and  DE  will  be  the  reduced 
length  required. 

Another  arrangement  for  the  same  object  is  shown  in  Hg.  817 
Draw  two  lines,  AB,  AC,  at  any  angle,  and  de-         Fig.  3i7. 
scribe  a  series  of  arcs  from  their  intersection.  A, 
as  in  the  figure.     Suppose  the  reduced  scale  ift  to  ^^ 
be  half  the  original  scale.     Divide  the  outermost 
arc  into  three  equal  parts,  and  draw  a  line  from 
A  to  One  of  the  points*  of  divifflon,  as  D.    Then 
each  arc  will  be  divided  into  parts,  one  of  which 
is  twice  the  other.     Take  any  distance  on  the  ori- 
^nal  scale,  and  find  by  trial  which  of  the  arcs  on 
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the  right  hand  ade  of  the  figure  it  corresponds  to.    The  other  part 
of  that  arc  will  be  half  of  it,  as  desired. 

"  Proportional  compasses/'  being  properly  set,  reduce  lines  in 
any  desired  ratio.  A  simple  form  of  them,  known  as  *^  Wholes 
and  halves,"  is  often  useful.  It  consists  of  two  slender  bars,  pointed 
at  each  end,  and  united  by  a  pivot  which  is  twice  as  far  firom 
one  pair  of  the  points  as  firom  the  other  pair.  The  long  ends  bemg 
set  to  any  distance,  the  short  ends  will  give  precisely  half  that  dis- 
tance. 

(476)  Rednelng  by  a  pantagraph*  This  instrument  consists  of 
two  long  and  two  short  rulers,  connected  so  as  to  form  a  parallelo 
gram,  and  capable  of  being  so  adjusted  that  when  a  tracing  point 
attached  to  it  is  moved  over  the  lines  of  a  map,  &c.,  a  pencil 
attached  to  another  part  of  it  will  mark  on  paper  a  precise  copy, 
reduced  on  any  scale  desired.  It  is  made  in  various  forms.  It  is 
troublesome  to  use,  though  rapid  in  its  work* 

(477)  Rednetaig  by  a  camera  Inclda*  This  is  used  m  the  Coast 
Survey  Office.  It  cannot  reduce  smaller  than  one-fourth,  without 
losing  distinctness,  and  is  vety  trying  to  the  eyes.  Squares  drawn 
on  the  original  are  brought  to  apparentiy  coincide  with  squares  on 
the  reduction,  and  the  detidls  are  then  filled  in  with  the  pencil,  aa 
seen  through  the  prism  of  the  instrument. 

(478)  Enlarging  plats*  Plats  may  be  enlarged  by  the  princi- 
pal methods  which  have  been  ^ven  for  reducing  them,  but  this 
should  be  done  as  seldom  as  possible,  unce  every  inaccuracy  in  the 
original  becomes  magnified  in  the  copy.  It  is  better  to  make  a 
new  plat  firom  the  original  data. 
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CHAPTER  IL 


COHTERTIONAL  SIfiHS. 

(179)  YariouB  conventional  signs  or  marks  have  been  adoptedf 
more  or  less  generally,  to  represent  on  maps  the  inequalities  of  tiia 
surface  of  the  ground,  its  different  kmds  of  culture  or  natural  pn^ 
ducts,  and  the  objects  upon  it,  so  as  not  to  encumber  and  disfigure 
it  with  much  writing  or  many  descriptive  legends.  This  is  the 
purpose  of  what  is  called  TopograpUeal  Mapping. 

(480)  The  relief  of  ground.  The  inequalities  of  the  sur&ce 
of  the  earth,  its  elevations  and  depressions,  its  hills  and  hollows, 
constitute  its  ^^  Belief."  The  representation  of  this  is  sometimes 
called  "  Hill  drawing."  Its  difficulty  arises  from  our  being  accus- 
tomed to  see  hills  sideways,  or  ^^  in  elevation,"  while  fhey  must 
be  represented  as  tiiey  would  be  seen  from  above,  or  ^^  in  plan." 
Various  modes  of  thus  drawing  them  are  used ;  their  positions  being 
laid  down  in  pencil  as  previously  sketched  by  eye  or  measured. 

If  light  be  supposed  to  fall  verticallj/j  the  slopes  of  the  ground  will 
receive  less  light  in  proportion  to  their  steepness.  The  relief  of 
ground  will  be  indicated  on  this  principle  by  making  the  steep 
slopes  very  dark,  the  gentier  inclinations  less  so,  and  leaving  the 
level  surfaces  white.  The  shades  may  be  produced  by  tints  of 
India  ink  applied  with  a  brush,  their  edges,  at  the  top  and  'ottom 
of  a  hill  or  ridge,  being  softened  off  with  a  clean  brush. 

K  light  be  supposed  to  fall  obliquely j  tiie  slopes  facmg  it  will  be 
light,  and  those  turned  from  it  dark.  This  mode  is  effective,  but 
not  precise.  In  it  the  light  is  usually  supposed  to  come  finom  the 
upper  left  hand  comer  of  the  map. 

Horizontal  contour  lines  are  however  the  best  convention  for 
tliis  purpose.  Imagine  a  hill  to  be  sliced  off  by  a  number  of  equi- 
distant  horizontal  planes,  and  their  intersections  with  it  to  be  drawn 
as  they  would  be  seen  from  above,  or  horizontally  projected  on  the 
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map.  ^ese  an  "  Contour  Imea."  They  are  tite  same  ]mea  u 
would  be  formed  by  water  stirrODiiding  ihe  liill,  and  rising  one  foot 
at  a  time  (or  an;  other  height)  till  it  reached  the  top  of  Ihe  hill. 
The  edge  of  the  water,  or  ita  afaore,  at  each  saccesmre  rise,  would 
be  one  4^  these  horizontal  contour  lines.  It  is  plam  that  their 
nearness  or  distuice  on  the  map  would  indicate  the  steepness  or 
gentlenees  of  the  slopes.  A  right  cone  would  thus  be  repre- 
Fig.  318,  Fig.  319.  Fig.  820. 


sented  by  a  series  of  concentric  circles,  as  in  I^g.  818 ;  an  oblique 
cone  by  drcles  not  concentric,  but  nearer  to  each  other  on  the  steep 
side  than  ua  tiie  other,  as  in  fig.  819 ;  and  a  hal^gg,  somewhat 
as  in  fig.  820. 

Vertictd  tecttoju,  perpendicular  to  these  contour  lines,  are 
nsnally  combined  with  ifaem.  They  are  the  "  Lines  of  greatest 
slope,"  uid  may  be  supposed  to  represent  water  running  down  the 
aides  of  the  hill.  They  are  also  made  thicker  and  nearer  together 
on  &e  steeper  slopes,  to  produce  the  effect  required  by  the  conven- 
tion  of  Tertical  li^t  fig.  321. 

already  referred  to. 
The  marginal  fignre 
shews  an  elongated 
half-egg,  or  oral  hill, 
thus  represented. 

The  spaces  between 
die  rows  of  vertioai 
"Hatchings"  indicate 

the  contour  lines,  which  are  not  actually  drawn.  The  beauty  «f 
the  graphical  execution  of  this  work  depends  on  tlie  unifonmty  of 
the  strokes  representing  uniform  slopes,  on  thmr  perfectly  regular 
gradation  in  tluekness  and  nearness  for  varying  slopes,  and  on 
&eir  being  made  precisely  at  right  angles  to  the  contour  Unef 
between  which  they  are  situated. 
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The  metliocU  of  detenmning  Qm  contour  lines  are  applications 
of  Levelling,  and  will  therefore  be  postponed,  together  with  tlie 
farther  details  of  "  Hill<drawiiig,"  to  the  Tolutne  treating  of  tiiat 
subject,  vhich  is  announced  in  the  Preface. 

(481)  Slgrns  ftr  nilBra)  sirfkce.  Sand  is  represented  hj  fine 
dots  made  with  the  point  of  the  pen ;  graoel  by  coarser  dots. 
Soeka  are  drawn  in  their  proper  places  in  irregular  angular  forms, 
imitating  their  true  appearance  as  seen  from  abore.  The  nature 
of  the  rocks,  or  the  O-eohgy  of  the  countij,  may  be  shown  bj  apply- 
ing the  proper  colors,  as  agreed  on  by  geolog^ts,  to  the  back  of 
the  map,  so  that  they  may  be  seen  by  holding  it  np  agtuust  the 
light,  while  they  will  thus  not  confuse  the  nsu^  details. 

(482)  Slgas  for  v^etalion.      Woods  are  represented  by  scol- 
loped circles,  irregularly  disposed,  Fig.  32S. 
imitating  trees  seen  "  in  plan,"  and 

closer  or  farther  apart  according  to 
the  thickness  of  the  forest.  It  is 
usual  to  shade  their  lower  and  right 
hand  sides  and  to  represent  their 

shadows,  as  in  the  figure,  though,  in  strictness,  this  is  mconsistent 
with  the  hypothesis  of  vertical  light,  adopted  for  "  hill-drawing." 
For  pine  and  similar  forests,  the  signs  may  have  a  8tai4ike  form, 
as  on  the  right  hand  side  of  the  figure.  Trees  are  sometimes 
drawn  "  m  elevation,"  or  sideways,  as  usually  seen.  This  makes 
them  more  easily  recognissed,  but  is  in  uttor  violation  of  the  princi- 
pies  of  mapping  in  horizontal  projection,  though  it  may  be  defended 
as  a  pure  convention.  Orchards  are  representod  by  trees  arran^ 
ed  in  rows.  Bushes  may  be  drawn  like  trees,  bnt  smaller. 
Cfrass-land  is  drawn  with  irregularly  Fig.  333. 

loattored  groups  of  short  lines,  as  in  the  — :;;r^t^^^^/*"  vvv 
figure,  the  lines  being  arranged  in  odd  ^|3'^^-*..3~— Jj^ji.  yj^ 
aumberfl,andsotliat thetopofeachgroupis  ^.n^'^^:;:^,.^  ^^ 
convex  and  its  bottom  horizontal  or  parallel  ^'^^^^..^C^^^  ^'^'^ 
to  the  base  of  the  drawing,  Meadotes  are  —»- ""  -fc*-^^  -^  *" 
nmetimes  represented  by  piurs  of  diverging  Ibes,  (as  on  the  ri^ 
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of  the  figure),  which  may  be  regarded  as  taU  blades  of  grass. 
UneuUivated  land  is  indicated  bj  appropriately  intermingling  the 
signs  for  grass  land,  bushes,  sand  and  rocks.  CfuUivated  land  is 
shown  by  parallel  rows  of  broken  and  dotted  Fig-  ^^' 

W         *  i  I  I   I  I    •  I    !  i  I 

lines,  as  in  the  figure,  representing  furrows. 
Crcp$  are  so  temporary  that  signs  for  them  are 
unnecessary,  though  often  used.    They  are  usu-  H^H 
ally  imitative,  as  for  cotton,  sugar,  tobacco,  rice,  Hn: 
vines,  hops,  &c.     Q-ardens  are  drawn  with  cir-  ^ 
cular  and  other  beds  and  walks. 


(48S)  Signs  for  water.  The  Sea-eoast  is  represented  by  draw- 
ing a  line  parallel  to  the  shore,  following  all  its  windings  and  inden- 
tations, and  as  close  to  it  as  possible,  then  another  parallel  line  a 
little  more  distant,  then  a  third  still  more  distant,  and  so  on. 
Examples  are  seen  in  figures  287,  &;c.  If  these  lines  are  drawn 
from  the  low  tide  mark,  a  similar  set  may  be  drawn  between,  that 
and  the  high  tide  mark,  and  dots,  for  sand,  be  made  over  the 
included  space.  Rivers  have  each  diore  treated  like  the  sea 
shore,  as  in  the  figures  of  Part  YII.*  Brooks  would  be  shown  by 
only  two  lines,  or  one,  according  to  their  magnitude.  Ponds  may 
be  drawn  like  sea  shores,  or  represented  by  _^^  Fig»  3g5. 
parallel  horizontal  lines  ruled  across  them. 
Marshes  and  Swamps  are  represented  by  an 
irregular  intermingling  of  the  preceding 
sign  with  that  for  grass  and  bushes,  as  in  the 
figure. 

(184)  Colored  Topograptiyt  The  conventional  signs  which  have 
been  described,  as  made  with  the  pen,  require  much  time  and 
labor.  Colors  are  generally  used  by  the  French  as  substitutes  for 
them,  and  combine  the  advantages  of  great  rapidity  and  efiective- 
ness.  Only  three  colors  (besides  India  ink)  are  required ;  viz. 
Q-amboge  (yellow).  Indigo  (blue),  and  Lake  (pink).  Sepia, 
Burnt  Sienna,  Yellow  ochre.  Red  lead,  and  Vermillion,  are  also 
sometimes  used.    The  last  three  are  difficult  to  work  witii.    Tc 

*  Those  in  Part  II,  Chapter  V,  have  the  lines  tuo  close  togethet  in  the  middle 


.VJV4- 

—                      ■■ 

= 

^ 

—  

^ii»r":*»iiik 

.'ZZZ.— 



« 

yAW>       ..... 

• 

—    — 

— 

196  MAPPD[6«  [past  z 

use  these  paints,  moisten  the  end  of  a  cake  and  rub  it  up  with  a 
drop  of  water,  afkenrards  dilutmg  this  to  the  proper  tint,  which 
should  always  be  light  and  delicate.  To  cover  any  surface  with 
a  umform  flat  tint,  use  a  large  camel's  hair  or  sable  brush,  keep  it 
always  moderately  full,  incline  the  board  towards  you,  previously 
moisten  the  paper  with  clean  water  if  the  outline  is  very  irregular^ 
be^  at  the  top  of  the  surface,  apply  a  tint  across  the  upper  part, 
and  contmue  it  downwards,  never  letting  the  edge  dry.  This  last 
is  the  secret  of  a  smooth  tint.  It  requires  rapidity  in  returning  to 
the  beginning  of  a  tint  to  continue  it,  and  dexterity  in  following  the 
outline.  Marlling,  or  variegation,  is  produced  by  having  a  brush 
at  each  end  of  a  stick,  one  for  each  color,  and  applying  first  one, 
and  then  the  other  beside  it  before  it  dries,  so  that  they  may  blend 
but  not  mix,  and  produce  an  irregularly  clouded  appearance. 
Scratched  parts  of  the  paper  may  be  painted  over  by  first  applying 
strong  alum  water  to  tiie  pkce. 

The  conventions  for  colored  Topography,  adopted  by  the  French 
Military  En^eers,  are  as  follows.  Woods,  yellow ;  using  gam- 
boge and  a  very  littie  indigo.  Grass-land,  green;  made  of 
gamboge  and  indigo.  Culttvated  lakd,  brown;  lake,  gamboge, 
and  a  littie  India  ink.  ^^  Burnt  Sienna"  will  answer.  Adjoining 
fields  should  be  slightly  varied  in  tint.  Sometimes  furrows  are 
indicated  by  strips  of  various  colors.  Gardens  are  represented 
by  small  rectangular  patches  of  brighter  green  and  brown.  Un- 
CULTIYATED  LAND,  marbled  green  and  light  brovm.  Brush, 
BRAMBLES,  &;c.,  marbled  green  and  yellow.  Heath,  furze,  &c., 
marbled  green  and  pinJk.  Yikeyabj>8j  purple ;  lake  and  indigo. 
Sands,  a  light  brotim  ;  gamboge  and  lake.  "  Yellow  ochre  "  will 
lo.  Lakes  and  rivers,  light  bltiSj  with  a  darker  tint  on  their 
upper  and  left  hand  sides.  Seas,  dark  UuSj  with  a  littie  yellow 
added.  Marshes,  the  blu>e  of  water,  with  spots  of  grass  green,  the 
touches  all  lying  horizontally.  Boads,  brown  ;  between  the  tints 
for  sand  and  cultivated  ground,  with  more  India  ink.  Hills, 
gfemish  brotim;  gamboge,  indigo,  lake  and  India  ink,  instead  of 
the  pure  India  ink,  directed  in  Art.  (480).  Woods  may  be 
finished  up  by  drawing  the  trees  as  in  Art.  (482)  and  coloring 
them  green,  with  touches  of  gamboge  towards  the  light  (the  up|>ei 
and  left  hand  side)  and  of  indigo  on  the  opposite  side. 
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(485>  Signs  for  deUehei  obJectSt  Too  great  a  number  of  these 
will  cause  confusion*  A  few  leading  ones  will  be  given,  the  mean- 
mgei  of  which  are  apparent. 


CcvrthouBej 
Pogtoffiee, 
Tavern^ 

Blaekimith^s  ihop^ 
Qvide  boardj 

Quarry^ 
Qritt  mil  J 
Saw  ndUf 


Figs. 
J^   326. 

wSb   327. 


t 

X 
o 


328. 


329. 


330. 


331. 


332. 


333. 


Wind  mill  J 
SteammUlj 
Furnace^ 


Figa. 
0^334. 

^335. 

4    33A 


WooUenfaetaiyj  ^  33T 
Cotton  factory^     0  338 


O-lasB  worksy 
Churchy 


l2|339 
^   34( 


Chixoe  j/ardy       -JL341 


An  ordinary  house  is  drawn  in  its  true  position  and  size,  and  iUa 
ridge  of  its  roof  shown  if  the  scale  of  the  map  is  large  enc  .gh. 
On  a  very  small  scale,  a  small  shaded  rectangle  represents  it.  If 
colors  are  used,  buildings  of  masonry  are  tinted  a  deep  cjixuson, 
(with  lake),  and  those  of  wood  with  India  ink.  Their  lower  and 
right  hand  sides  are  drawn  with  heavier  lines.  Fences  of  stone  or 
wood,  and  hedges,  may  be  drawn  in  imitation  of  the  realities ;  and, 
if  desired,  colored  appropriately. 

JUmes  may  be  represented  by  the  signs  of  the  planets  which 
were  anciently  associated  with  the  various  metals.  The  signs  here 
ffrea  represent  respectively. 

Gold,    Silver,    Iron,    Copper,    [Hn,    Lead, 
O  1>         6  9  V        ^ 

L  large  black  circle,  # ,  may  be  used  for  CoaL 

JBovndary  Unei^  of  private  properties,  of  townships,  of  counties, 
and  of  states,  may  be  indicated  by  lines  farmed  of  various  combi- 
nations of  short  lines,  dots  and  crosses,  as  below.* 


Quicksilver. 


+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

*  Terj  mtDUte  directions  for  the  ezecation  of  the  detailt  deacribed  in  thii  chap 
r,  are  given  in  Lieot.  R.  8.  Smidi't  *'  Topographical  Drawing."    Wilej  N.  V . 
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FINISHING  THE  IHiP. 

(186)  Orlratation*  The  map  is  usually  so  drawn  that  the  top 
of  the  paper  may  represent  the  North.  A  Meridian  line  should 
also  be  drawn,  both  True  and  Magnetic,  as  m  Ilg.  199,  page  189. 
The  number  of  degrees  and  minutes  in  the  Variation,  if  known, 
should  also  be  placed  between  the  two  North  points.  Sometimes 
a  compass-star  is  drawn  and  made  very  ornamental. 

(487)  Lettering.  The  style  in  which  this  is  done  very  much 
affects  the  general  appearance  of  the  map.  The  young  surveyor 
should  ^ve  it  much  attention  and  careful  practice.  It  must  all  be 
in  imitation  of  the  best  printed  models.  No  writing,  howerer 
beautifol,  is  admissible.  The  usual  letters  are  the  ordinary 
ROMAN  CAPITALS,  SmaU  Roman,  ITALIC  CAPITALS, 
SmaUltdHcyfOid  GOTHIC  OR  EGYPTIAN.  Thislast, 
when  well  done,  is  very  effective.  For  the  ^tles  of  maps,  various 
fancy  letters  may  be  used.  For  very  large  letters,  those  formed 
only  of  the  shades  of  the  letters  regarded  as  blocks  (the  body  being 
rubbed  out  after  being  pencilled  as  a  guide  to  the  placmg  of  the 
shades)  are  most  easily  made  to  look  well.  The  simplest  lettering 
is  generally  the  best.  The  uzes  of  the  names  of  places,  &c.,  should 
be  proportional  to  their  importance.  Elaborate  tables  for  various 
scales  have  been  published.  It  is  better  to  make  the  letters  too 
small  than  too  large.  They  should  not  be  crowded.  Pencil  lines 
should  always  be  ruled  as  guides.  The  lettering  should  be  m  lines 
parallel  to  the  bottom  of  the  map,  except  the  names  of  rivers,  roads» 
&c.,  whose  general  course  should  be  followed. 

(188)  Borders*  The  Border  may  be  a  single  heavy  Ime, 
enclosing  the  map  in  a  rectangle,  or  such  a  line  may  be  reUeved 
by  a  finer  line  drawn  parallel  and  near  to  it.  [Gme  should  not  be 
wasted  in  ornamenting  the  border.    The  simplest  is  the  best. 
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(489)  Joining  jftaper*  If  the  map  is  larger  fhan  the  sheets  of 
paper  at  hand,  thej  should  be  joined  "with  a  feather-edge,  by  pro* 
ceedmg  thus.  Cut,  with  a  knife  guided  bj  a  ruler,  about  one- 
third  through  the  thickness  of  the  paper,  and  tear  off  on  the  under 
side,  a  strip  of  the  remaining  thickness,  so  as  to  leave  a  thin  sharp 
edge.  Treat  the  other  sheet  in  the  same  way  on  the  other  side  of 
it.  When  these  two  feather  edges  are  then  put  together,  (with 
paste,  glue  or  yamish),  they  will  make  a  neat  and  strong  joint. 
The  sheet  which  rests  upon  the  other  must  be  on  the  right  hand 
side,  if  the  sheets  are  joined  lengthways,  or  below  if  they  are  joined 
in  that  direction,  so  that  the  thickness  of  the  edge  may  not  cast  a 
shadow,  when  properly  placed  as  to  the  light.  The  sheets  must 
be  joined  before  lines  are  drawn  across  them,  or  the  lines  will 
become  distorted.  Drawing  paper  jb  now  made  in  rolls  of  great 
length,  so  as  to  render  this  operation  unnecessary. 

(490)  HMBttag  naps*  A  map  is  sometimes  required  to  be 
mounted,  i.  e.  backed  with  canvas  or  muslin.  To  do  this,  wet  the 
muslin  and  stretch  it  strongly  on  a  board  by  tacks  driven  very 
near  together.  Cover  it  with  strong  paste,  beating  this  in  with  a 
brush  to  fill  up  the  pores  of  the  muslin.  Then  spread  paste  over 
the  back  of  the  paper,  and  when  it  has  soaked  into  it,  apply  it  to 
the  muslin,  inclining  the  board,  and  pasting  first  a  strip,  about  two 
mches  wide,  along  the  upper  side  of  the  paper,  presdng  it  down 
with  clean  linen  in  order  to  drive  out  all  air  bubbles.  Press  down 
another  strip  in  like  manner,  and  so  proceed  till  all  is  pasted.  Let 
it  dry  very  gradually  and  thoroughly  before  cutting  the  muslin 
from  the  board. 

Maps  may  be  varnished  with  picture  varnish ;  or  by  applying 
four  or  five  coats  of  isin^ass  size,  letting  each  dry  well  before 
applying  the  next^  and  ^vmg  a  foil  flowing  coat  of  Canada  balsam 
diluted  with  the  best  oil  of  turpentine. 
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LAYING  OUT,  PARTING  OFF,  AND 
DIVIDING  UP  LAND/ 

CHAPTER  L 


LiYINfi  OUT  LAND. 

(491)  Its  nature*  This  operation  is  precisely  the  reversa  ot 
those  of  Sonrejing  properly  so  called.  The  latter  measures  certain 
lines  as  they  are ;  ttie  former  marks  them  oat  in  the  ground  where 
they  are  required  to  be,  in  order  to  satisfy  certain  conditions. 
The  same  instruments,  howeyer,  are  used  as  m  Surveying. 

Perpendiculars  and  paraflels  are  the  lines  most  often  employed. 
The  Perpendicuiari  may  be  set  out  either  irith  the  chain  alone, 
Arts.  (140)  to  (159) ;  still  more  easily  with  the  Cross-staflf,  Art 
(104),  or  the  Optical-square,  Art.  (107) ;  and  most  precisely  with 
a  Transit  or  Theodolite,  Arts.  (402)  to  (400).  JParaUeU  may 
also  be  set  out  with  the  chain  alone.  Arts.  (160)  to  (106) ;  or 
with  Transit,  &c..  Arts.  (407)  and  (406).  The  ran^g  out  of 
lines  by  rods  is  described  in  Arts.  (109)  and  (178),  and  with  an 
Angular  instrument,  in  Arts.  (S70),  (409)  and  (418). 

(492)  To  lay  o«t  Sf  vares*  Reduce  the  desired  content  to 
square  chains,  and  extract  its  square  root.  This  will  be  tiie  leng& 
of  the  required  side,  which  is  to  be  set  out  by  one  of  the  method? 
indicated  in  the  preceding  article. 

An  Acre^  laid  out  in  the  form  of  a  square,  is  frequently  dedred 
by  fEumers.    Its  side  must  be  made  816J  links  of  a  Gunter's 

*  The  DemonstratioDB  of  the  Problema  fai  thii  part,  when  requizvd  will  be 
iboDd  in  Appendix  B. 
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chain ;  or  208^  feet ;  or  69^  yards.    It  is  often  taken  at 
70  paces. 

The  number  of  plants,  hills  of  com,  loads  of  manure,  &;c.,  which 
an  acre  will  contain  at  any  imiform  distance  apart,  can  be  at  once 
found  by  dividing  209  by  this  distance  in  feet,  and  multiplying 
the  quotient  by  itself;  or  by  dividing  48560  by  the  square  of  the 
distance  in  feet.  Thus,  at  8  feet  apart,  an  acre  would  contain 
4840  plants,  &;c. ;  at  10  feet  apart,  486 ;  at  a  rod  apart,  160 ; 
and  so  on.  K  the  distances  apart  be  unequal,  divide  48560  by 
the  product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in 
rows  6  feet  apart,  and  the  plants  in  the  rows  were  8  feet  apart, 
2420  of  them  would  grow  on  one  acre. 

(493)  To  lay  out  reetani^est  The  content  and  length  being 
given,  both  as  measured  by  the  same  unit,  divide  the  former  by 
the  latter,  and  the  quotient  will  be  the  required  breadth.  Thus,  1 
acre  or  10  square  chains,  if  5  chains  long,  must  be  2  chiuns  wide. 

The  content  being  ^ven  and  the  length  to  be  a  certain  number 
of  times  the  breadth.  Divide  the  content  in  square  chuns,  &c.,  by 
the  ratio  of  the  length  to  the  breadth,  and  the  square  root  of  the 
quotient  will  be  the  shorter  side  desired,  whence  the  l<mger  side 
is  also  known.  Hius,  let  it  be  required  to  lay  out  80  acres  in  the 
form  of  a  rectangle  8  times  as  long  as  broad.  80  acres  =s  800 
square  chains.  The  desired  rectangle  will  contain  8  squares,  each 
of  100  sq.  chs.,  having  sides  of  10  chs.  The  rectangle  will  there- 
fore be  10  chs.  wide  and  80  long. 

An  Acre  laid  out  in  a  rectangle  twice  as  long  as  broad,  will  be 
224  links  by  448  links,  naarly ;  or  147 j^  feet  by  295  feet ;  or  49^ 
yards  by  98|  yards.  60  paces  by  100  is  often  used  as  an  ap* 
prozimation,  easy  to  be  remembered. 

Tf^  content  being  given,  and  the  difference  between  the  UngtJk 
and  breadth.    Let  c  represent  this  content,  and  d  this  difference. 

Then  the  longer  side  =  |^  i  +  i  V(^'  +  ^  0* 

Exan^le.  Let  the  content  be  6.4  acres,  and  the  difference 
12  chains.  Then  the  sides  of  the  rectangle  will  be  respectively 
16  chains  and  4  chains. 
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The  content  heing  given^  and  the  wm  of  the  length  a9id  breadth. 
Let  €  represent  this  content^  and  8  this  sum.  Then  the  longei 
gide  =  4«+ J  7(«»— 4<j). 

Example.  Let  die  content  be  6.4  acres,  and  the  sum  20  chains. 
The  above  formula  gives  the  sides  of  the  rectangle  16  chains  and  4 
chains  as  before. 

(491)  To  lay  out  trlan^^tes*  The  content  and  the  base  being 
^ven,  divide  the  former  by  half  the  latter  to  get  the  height.  At 
any  point  of  the  base  erect  a  perpendicolar  of  the  length  thus 
obtained,  and  it  will  be  the  vertex  of  the  required  triangle. 

The  content  bemg  given  and  the  base  having  to  be  m  times  the 
height,  the  height  will  equal  the  square  root  of  the  quotient 
obtained  by  dividing  twice  the  ^ven  area  by  m. 

The  content  being  ^ven  and  the  triangle  to  be  equilateral,  take 
the  square  root  of  the  content  and  multiply  it  by  1.620.  The  pro- 
duct will  be  the  length  of  the  side  required.  This  rule  makes  the 
(tides  of  an  equilateral  triangle  containing  one  acre  to  be  480^  links. 
A  quarter  of  an  acre  Imd  out  in  the  same  form  would  have  each 
ride  240  links  long.  An  equilateral  trian^e  is  very  easily  set  out 
on  the  ground,  as  directed  in  Art.  (90) »  under  ^^  Platting,"  usmg 
a  rope  or  chain  for  compasses. 

(495)  The  content  and  base  being  given,  and  one  side  having 
to  make  a  given  angle,  as  B,  with  the  base  Fi?*  3^- 

AB,  the  length  of  the  side  BC  =!  ^  ^^^> 
*  ^  AB.8in.B 

Example.    Eighty  acres  are  to  be  laid 

out  in  the  form  of  a  triangle,  on  a  base, 

AB,  of  sixty  chains,  bearing  N.  80°  W. 

the  bearing  of  the  side  BC  bemg  TJ^.  70°  E.    Here  the  angle  B  is 

found  from  the  Bearings  (by  Art.  (248),  reversmg  one  of  them) 

to  be  80°.    Hence  BC  =  58.83.    The  figure  is  on  a  scale  of  5C 

ehains  to  1  inch  =  1 :  89600. 

Any  right-line  figure  may  be  laid  out  by  analogous  methods. 

(498)  To  lay  ovt  circles*  Multiply  the  g^ven  content  by  T, 
divide  the  product  by  22,  and  take  the  square  root  of  the  quotient 
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Thia  will  give  the  radius,  with  which  the  circle  can  be  described 
on  the  ground  witih  a  rope  or  chain.  A  circle  containing  one  acre 
has  a  radius  of  178^  links.  A  circle  containing  a  quarter  of  an 
acre  will  have  a  radius  of  89  links. 


(497)  Town  lots*  House  lots  in  cities  are  usually  laid  oflf  as 
rectangles  of  26  feet  front  and  100  feet  depth,  variously  combined 
in  blocks.  Part  of  New-York  is  laid  out  in  blocks  200  feet  by 
800,  ea<)h  containing  64  lots,  and  separated  by  streets,  60  feet 
wide,  running  along  their  long  sides,  and  avenues,  100  feet  wide, 
on  their  short  sides.  The  eight  lots  on  each  short  side  of  the  block, 
front  on  the  avenues,  and  the  remaining  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  precisely  8}  acres,  and 
17  j^  such  lots  about  make  an  acre.  But,  allowing  for  the  streets, 
land  laid  out  into  lots,  25  by  100,  arranged  as  above,  would  con- 
tain only  11.9,  or  not  quite  12  lots  per  acre. 

Lots  in  small  towns  and  villages  are  laid  out  of  greater  size  and 
less  uniformity.  50  feet  by  100  is  a  frequent  size  for  new  villages, 
the  blocks  being  200  feet  by  500,  each  therefore  contaimng  20  lots. 

(498)  Land  sold  for  taxes*  A  case  occurring  m  the  State  of 
New-York  will  serve  as  an  application  of  the  modes  of  laying  out 
squares  and  rectangles.  Land 
on  which  taxes  are  unpaid  is 
sold  at  auction  to  the  lowest 
bidder ;  i.  e.  to  him  who  will 
accept  the  smallest  portion  of 
it  in  return  for  paying  the  taxes 
on  the  whole.  The  lot  in  ques- 
tion was  originally  the  east 
half  of  the  square  lot  ABCD, 
containing  500  acres.  At  a 
sale  for  taxes  in  1830,  70  acres 
were  bid  off,  and  this  area  was 
set  off  to  the  purchaser  in  a  square  lot,  from  the  north-east  comer. 
Required  the  side  of  the  square  in  links.  Again,  in  1884,  29 
acres  more  were  thus  sold,  to  be  set  off  in  a  strip  of  equal  width 
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around  the  square  preTioudy  sold.  Beqnired  the  widdi  of  this 
strip.  Once  more,  in  1889,  42  acres  more  were  sold,  to  be  set 
off  around  the  preceding  pece.  Required  the  dimensions  of  this 
third  portion.  The  answer  can  be  proved  bj  calculating  if  the 
dimennons  of  the  remainmg  rectangle  will  give  the  content  wUch 
it  should  haye,  vis.  250  —  (70  +  29  +  42)  » 109  Acres. 
The  figure  is  on  a  scale  of  40  chains  to  1  inches  1:81680. 

(4M)  Mew  eoutrles*  The  operations  of  laying  out  land  for  the 
purposes  of  settlers,  are  required  on  a  large  Fcale  in  new  countries, 
in  combination  with  their  survey.  There  is  great  difficulty  in 
amting  the  necessary  precision,  rapidity  and  cheapness.  ^'Tri- 
angular Surveying"  will  ensure  the  'first  of  these  qualities,  but  is 
deficient  in  Ihe  last  two,  and  leaves  the  laying  out  of  lots  to  be 
subsequently  executed.  '^  Compass  Surveying"  possesses  the  last 
two  qualities,  but  not  the  first.  The  United  States  system  for 
surveying  and  laying  out  the  Public  Lands  admirably  combines  an 
accurate  determination  of  standard  lines  (Meridians  and  Parallels) 
with  a  cheap  and  rapid  subdivision  by  compass.  The  subject  is  so 
important  and  extensive  that  it  will  be  explained  by  itself  in 
PartXn. 


CHAPTER  IL 


PARTING  OFF  LAHD. 


(500)  It  is  often  required  to  part  off  from  a  field,  or  from  an 
mdefinite  space,  a  certain  number  of  acres  by  a  fence  or  other 
boundary  line,  which  is  also  required  to  run  in  a  particular  direc- 
tion, to  start  from  a  certiun  point,  or  to  fulfil  some  other  condition. 
The  various  cases  most  likely  to  occur  will  be  here  arrauged 
according  to  these  conditions.  Both  graphical  and  numerical  m^ 
ttiods  will  generally  be  ^ven.* 

*  The  given  lices  will  bA  represented  by  fine  full  lines;  the  lines  of  oonstnMtiM 
by  broken  lines,  and  the  %nes  of  the  result  by  heavy  full  lines. 
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The  {^ren  content  is  alwajs  sapposed  to  be  redaced  to  square 
chains  and  decimal  parts,  and  the  lines  to  be  in  chains  and  deci- 
mals. 

A.    By  a  unb  parallel  to  a  side. 

(501)  To  part  off  a  rectangle.  K  the  sides  of  the  field  adja- 
cent to  flie  i^ven  nde  make  right  angles  with  it,  the  figure  parted 
off  by  a  parallel  to  the  ^yen  side  will  be  a  rectangle,  and  its 
breadth  wiU  equal  the  required  content  divided  bj  that  side,  as  in 
Ari  (IM). 

If  the  field  be  bounded  by  a  curved  or  ragzag  line  outside  of  the 
given  side,  find  the  content  between  these  irregular  lines  and  the 
g^ven  straight  side,  bjr  the  method  of  ofiets,  subtract  it  firom  the 
content  required  to  be  parted  off,  and  proceed  with  the  tifiM&ndtr 
as  above.    The  same  directions  apply  to  the  subsequent  problems. 

(502)  To  part  off  a  parallelogramt    If  the  sides  adjacent  to 
the  ^ven  side  be  parallel,  the  _    Fig.  344. 
figure  parted  off  will  be  a  parallel- 
ogram, and  its  perpendicular  width, 
CE,  will  be  obtained  as  above. 
The  length  of  one  of  tiie  parallel 

.  ^        CE  ABDC 

,as  ACss-r 


sin.  A      AB  .  sin.  A 

(508)  To  part  off  a  trapezoid.  When  the  sides  of  the  field 
adjacent  to  the  ^ven  side  are  not  parallel,  the  figure  parted  off 
will  be  a  trapeioid. 

When  the  field  or  figure  is  ^ven  on  tiie  ground,  or  on  a  plat, 
be^  as  if  the  sides  were  parallel,  pig.  345. 

dividing  the  ^ven  content  by  the  / 

base  AB.    The  quotient  will  be  cA 

an  appn>7imate  breadth,  CE,  or  /  • 

DF;  too  small  if  the  sides  con-         /    | 

verge,  as  in  the  figure,  and  vice     /        \ 

rerM.    Measure  CD.    Calculate  ^ 

tiie  content  of  ABDC.    Divide  the  difference  of  it  and  the  required 
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oonient  b J  CD.  SetoffthequoliqitperpffliificulartQ  CD,  (mfliig 
figure,  oatnde  of  it,)  and  h  will  gire  a  new  Ime,  GH,  a  still  nearer 
approziiDatioQ  to  that  deored.  The  opeiatioii  may  be  repeated,  if 
found  necessaiy. 

(M4)  When  the  field  is  ^ven  by  BearingB,  de-        F>s-  s^ 
dace  firom  them,  as  in  Art  (243)9  ^^  an^es  at  A 
and  B.    The  reqtured  sides  will  then  be  ^yen  by 
these  formulas : 


AI>  =  (AB— CD)- 


sin.  A .  sin.  B 
rin.  B 


A 


sin.  (A  +  B) 
BC  =  (AB  — CD)^    ™-^ 


on.  (A  +  B) 

VHien  the  sides  AD  and  BC  diverge,  instead  of  conyerging,  as 
in  the  figore,  the  negadye  term,  in  the  expression  for  CD,  becomes 
positiye ;  and  in  the  expressions  for  both  AD  and  BC,  the  first 
fiictor  becomes  (CD — AB) . 

The  perpendicular  breadth  of  the  trapezoid  ^=  AD  •  sin.  A ; 
or  =BC  .sm.  B. 

Example.  Let  AB  ran  North,  six  chains ;  AD,  N.  80^  E. ; 
BC,  S.  60^  E.  Let  it  be  required  to  part  off  one  acre  by  a  fence 
parallel  to  AB.  Here  AB  =  6.00,  ABCD  =  10  square  chains, 
A  =  80^B  =  60^  Am.  CD  =  4.57,  AD  =  1.92,  BC  =  2.18, 
and  the  breadth  =  1.89. 

The  figure  is  on  a  scale  of  4  chains  to  1  mch  =  1:3168. 

B.    By  a  ukb  pebfenbiculab  to  a  side. 

(506)  To  part  off  a  triangle*  Let  FG  be  the  required  lin^. 
When  the  field    is   given   on   the  Fig.  347. 

groond,  or  on  a  plat,  at  any  point,  as 
D,  of  the  given  side  AB,  set  out  a 
"  guess  line,"  DE,  perpendicular  to 
AB,  and  calculate  the  content  of 
DEB.    Then  the  required  distance  BF,  from  the  angular  point 

to  the  foot  of  the  desired  perpendicular,  =  BD  /( ^^  I  • 
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Example.    Let  BD  =  80  chains;  EDal2  chains;  and  the 


dcfflred  area  =»  24.8  acres.    Then  BF «»  85.22  chains. 
The  scale  of  the  figure  is  80  chiuns  to  1  mch  =  l:28760. 

(5M)  When  the  field  is  ^ven  bj  Bearings,  pjg,  34^^ 

^d  the  angle  B  from  the  Bearings ;  then  is 

^  -  ^mfy 

Example.    Let  BA  bear  S.  W  E.,  and  BO 
N.  60^  E.,  and  let  five  acres  be  required  to  be 
parted  off  from  the  field  by  a  perpendicular  to  BA.    Here  the 
angle  B  =  45'',  and  BF  =  10.00  chains. 

The  scale  of  the  figure  is  20  chuns  to  1  inch  as  1 :15S40. 

(507)  To  jNtrt  off  a  tu'rllatonl*  Produce  the  converging 
sides  to  meet  at  B.    Calcuhite  the  pig.  369. 

content  of  the  triangle  HEB,  whe- 
ther on  the  ground  or  plat,  or  from 
Bearing?.    Add  it  to  the  content 
of  the  quadrilateral  required  to  be  ^"^' 
parted  off,  and  it  wiU  give  that  of  the  triangle  FGB,  and  the  me- 
thod of  the  preceding  case  can  then  be  applied. 

(SOS)  To  part  off  any  flgare*  If  the  field  be  very  irregularly 
sliaped,  find  by  trial  any  line  which  will  part  off  a  little  less  than 
the  required  area.  This  trial  line  will  represent  HE  in  the  pre* 
ceding  figure,  and  the  problem  is  reducedr  to  parting  off,  accord- 
ing to  the  required  condition;  a  quadarUateraly  comprised  between 
the  trial  line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  required  content  and  that  parted 
off  by  the  trial-line. 

C.    By  a  line  RUNKiNa  in  akt  giysn  dirsctiom. 

(IM)  To  part  off  a  triaag Ie»  By  construction,  on  the  ground 
or  the  plat,  proceed  nearly  as  m  Art  (MS))  setting  out  a  line 
in  the  required  direction,  calculating  the  triangle  thus  formed|  and 
obtainmg  BF  by  the  same  formula  as  in  that  Article. 

22 
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(610)  If  ihe  field  be  given  hj  BearingB,  find 
from  them  the  angles  CB A  and  GFB ;  then  is 
PP_    //2  X  BFQ  rin  (B  +  F)\ 
^■"VV        sin.  B.  Bin.  F         /' 

JBxample.  Let  BA  bear  S.  80"*  E.;  BC, 
N.  80^  E. ;  and  a  fence  be  required  to  ran,firom 
■ome  point  in  BA,  a  dae  North  course,  and  to 
part  off  one  acre.  Bequired  the  distance  from 
B  to  the  pomt  F,  irhence  it  must  start  Ans. 
TheangleB  =  70^andP  =  80^    ThenBF  = 

6.47. 
The  scale  of  Fig.  850  is  6  chains  to  1  inchsl:4752« 

(511)  To  iMtft  oir  a  qiadrOateral.  Let  it  be  required  to  part 
off,  by  a  line  running  in  a  *'»S-  85L 

giren  direction,  a  quadrila-     i 
teral  from  a  field  in  which 
are  ^ven  the  nde  AB,  and 
the  directions  of  the  two  B 
other  sides  running  from  A 
and  from  B. 

On  the  ground  or  plat 
produce  the  two  convergbig 
sides  to  meet  at  some  point 
E.  Calculate  the  content 
of  the  triangle  ABE.  Measure  the  side  AE.  From  ABE  subtract 
the  area  to  be  cut  off,  mi  the  remainder  will  be  the  content  of  the 
triangle  CDE.  From  A  set  out  a  line  AF  parallel  to  the  ^yen 
direction.    Find  the  content  of  ABF.    Take  it  from  ABE,  and 

cAus  obtain  AFE.    Then  tins  formula,  ED  =  AE  \/^^»  ^  fix 

the  point  D,  since  AD  =  AE  —  ED. 

(512)  When  the  field  and  the  diyidmg  line  are  given  bj  Bear 
mg9,  produce  tbe  sides  as  in  the  last  article.  Find  all  tiie  an^ea 
from  the  Bearings.  Calculate  the  content  of  the  triangle  ABE,  bj 
Che  formula  for  one  nde  and  its  including  angles.    Take  tha 
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desired  content  firom  this  to  obtain  CDE.    Galcnlate  the  side 

AE=AB»5:|.  Then5flAD=AE-  /(i^-^i^^^V 
SID.  E  V  \   em.  E .  sin.  ODE    / 

Example.    Let  DA  bear  S.  20J**  W. ;  AB,  N.  SlJ**  W.,  8.19 ; 

BC,  N.  78  j^^  E. ;  and  let  it  be  required  to  part  off  two  acres  by  a 

fence,  DC,  ronning  N.  45''  W.    Ans.    ABE  «=  82.60  sq.  chains ; 

whence  CDE  — 12.50  sq.  chis.    Also,  AEs8.87;  and  finally 

AD  —  8.87  —  5.49  =  2.88  chains. 

The  scale  of  Hg.  851  is  5  chains  to  1  mch  =  1:8960. 

If  the  sum  of  the  angles  at  A  and  B  was  more  than  two  right 
an^es,  the  point  E  would  lie  on  the  other  side  of  AB.  The  neces- 
sary modifications  are  apparent. 

(518)  To  ]Nirt  off  any  flgire*  Proceed  in  a  similar  manner  to 
chat  described  in  Art.  (598),  by  getting  a  suitable  triaUine,  pro- 
ducing the  sides  it  intersects,  and  then  applying  the  meiiiod  just 
given. 

D.     Bt  a  line  STA&TINO  from  a  eiYBK  PODTT  IN  A  SIPB. 

(514)  To  iMrt  off  a  triadglOt  Let  it  be  required  to  cut  off 
firom  a  comer  of  a  field  a  triangu-  pig.  352. 

lar  space  of  giyen  content,  by  a 
line  starting  from  a  ^ven  pomt 
on  one  of  the  sides,  A  in  the  figure , 
the  base,  AB,  of  the  desired  tri- 
angle being  thus  given.  If  the 
field  be  ^ven  on  the  ground  or  on 
a  plat,  divide  the  ^ven  content 
by  half  the  base,  and  the  quotient  will  be  the  height  of  the  tri- 
angle. Set  off  this  distance  fix)m  any  point  of  AB,  perpendicular 
to  it,  as  from  A  to  G ;  irom  C  set  out  a  parallel  to  AB,  and  its 
btersection  with  the  second  side,  as  at  D,  will  be  the  vertex  of  the 
required  triangle. 

Otherwise,  divide  the  required  content  by  half  of  the  perpendi- 
eolar  distance  from  A  to  BD,  and  the  quotient  will  be  BD. 

*  This  original  formtila  i*  very  ooiiYeiiieot  for  logarithmic  computatioa 
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(516)  If  the  field  be  given  by  the  Bearings  of  two  sides  and  iht 
length  of  one  of  them,  deduce  the  angle  B  (Fig.  852)  fix)m  the 

Bearings,  as  in  Art.  (248).    Then  is  BD==s.-_ — ; — _. 

Ai>  •  sin.  i> 

If  it  is  more  convenient  to  fix  fhe  point  D,  bj  the  Second  Me- 
thod, Art.  (6),  that  of  rectangolar  co-ordinates,  we  shall  have 
BEr=BD  .  cos.  B;  and  ED  =  BD  .  sm.  B. 

The  Bearing  of  AD  is  obtained  firom  the  an^e  BAD ;  which  ib 

known,  smce  =-t-  =  -r^ — -^1=;=  tang.  BAD. 
'  BA      AB  — BE  ® 

Example.  Eighty  acres  are  to  be  set  off  from  a  comer  of  a 
field,  the  course  AB  bemg  N.  80^  W.,  sixty  chains ;  and  the  Bear- 
ing of  BD  being  N.  IQ^  E.  Am.  BD =53.83 ;  BE  =  46.19 : 
ED  =  26.67 ;  and  the  Bearing  of  AD,  N.  \T  28'  W. 

The  scale  of  Hg.  852  is  40  chains  to  1  inch  =  1 :  81680. 

2  ABD 
If  the  field  were  right  angled  at  B,  of  course  BD  ='      ^    , 

AB 

(516)  To  iNurt  off  a  fiuilrllateral.  Lnagme  the  two  converge 
ing  sides  of  Hie  field  produced  to  meet,  as  in  Art.  (511).  Calcu- 
late the  content  of  the  triangle  thus  formed,  and  the  question  will 
then  be  reduced  to  the  one  explained  m  the  last  two  articles. 

(517)  To  part  off  anj  flgure*  Proceed  as  directed  m  Art.  (51S). 
Otherwise,  proceed  as  follows. 

The  field  bemg  given  on  the  ground  or  on  a  plat,  find  on  which 
side  of  it  the  required  line  will  end,  by  drawing  or  running  "  guesa 
lines"  from  the  ^ven  point  to  various  angles,  and  roughly  measui^ 
mg  the  content  thus  parted  off. 
If,  as  in  the  figure,  A  being  the 
^ven  point,  tbe  guess  line  AD 
parts  off  less  than  the  required  coi 
tent,  and  AE  parts  off  moje,  then 
the  desired  division  line  AZ  will  ^ 
end  m  the  side  DE.  Subtract  the 
area  parted  off. by  AD  from  the  ^ 
required  content,  and  the  difference  will  be  the  content  of  the  tit 
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angle  ADZ.  Divide  this  by  half  the  perpendicular  let  M  firom 
ihe  g^ven  pomt  A  to  the  side  DE,  and  the  quotient  will  be  the  base, 
or  distance  from  D  to  Z. 

Or,  find  the  content  of  ADE  and  make  this  proportion ;  ADE  : 
ADZ  : :  DE  :  DZ. 

(618)  The  field  being  given  by  Bearings  and  distances,  find 
as  before,  by  approximate  trials  on  the  plat,  or  otherwise,  which 
side  the  desired  line  of  division  will  terminate  in,  as  DE  in  the  last 
figure.  Draw  AD.  Find  the  Latitude  and  Departure  of  this 
line,  and  thence  its  length  and  Bearing,  as  m  Art  (440).  Then 
calculate  the  area  of  the  space  this  line  parts  off,  ABGD  in  the 
figure,  by  the  usual  method,  ezplamed  in  Part  III,  Chapter  YI. 
Subtract  this  area  fix>m  that  required  to  be  cut  off,  and  the  remain- 
der will  be  the  area  of  the  triangle  ADZ.    Then,  as  in  Art.  (515), 

Dz=-^J^55_. 

AD .  Bin.  ADZ 

This  problem  may  be  executed  without  any  other  Table  than  that 
of  Latitudes  and  Departures,  thus,  find  the  Latitude  and  Depar- 
ture of  DA,  as  before,  the  area  of  the  space  ABCD,  and  thence 
the  content  of  ADZ.  Then  find  the  Latitude  and  Departure  of 
EA,  and  the  content  of  ADE.  Lastiy,  make  this  proportion: 
ADE:ADZ::DE:DZ.* 

Example.  Li  the  field  ABODE,  &c.,  part  of  which  is  shown 
in  Hg.  858,  (on  a  scale  of  4  chains  to  1  inch  =  1 :  8168),  one 
acre  is  to  be  parted  off  on  the  west  side,  by  a  line  starting  from  the 
angle  A.  Bequired  the  distance  from  D  to  Z,  the  other  end  of 
this  dividing  line.f 

The  only  courses  needed  are  these.  AB,  N.  58^  W.,  1.55 , 
BC,  N.  20O  E.,  2.00 ;  CD,  N.  58 J^  E.,  1.82 ;  DE,  S.  57°  E.,  5.79. 
A  rough  measurement  will  at  once  shew  that  ABCD  is  less  than 
an  acre,  and  that  ABCDE  is  more ;  hence  the  desired  line  will  M 

*  The  i|roblein  may  also  be  perforkned  by  making  the  tide  on  which  the  divi 
tion  line  ia  to  fall,  a  Meridian,  and  changing  the  Bearings  as  in  Art.  (244).    The 
di&reoce  of  the  new  Departnres  will  be  the  Departare  of  the  Division  line.    Its 
podtioo  can  then  be  easily  determined,  by  calculation!  resembling  those  in  Part 
Vn,  Ohapter  IV,  Arts.  (443),  &c. 

f  If  the  whole  field  has  been  snnreyed  and  balanced,  the  balanced  Latitudes 
and  Departnres  should  be  used.  We  will  here  suppose  the  survey  to  have  proved 
petfectfy  correcti 
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on  DE.  The  Latitudes  and  Departures  of  AB,  BG  and  CD  are 
then  found.  From  them  the  course  AD  is  found  to  be  N.  8^  E., 
8.63.  The  content  of  ABGD  will  be  8.19  square  chains.  Sub* 
tracting  this  from  one  acre,  the  remainder,  6.81  sq.  chs.,  is  the  con* 
tent  of  ADZ.  AP  =  8.63  x  sm.  65^  =  8.29.  Dividing  ADZ 
bj  half  of  this,  we  obtam  DZ  =  4.14  chains. 

By  the  Second  Method,  the  Latitude  and  Departure  of  DA^  the 
area  of  ABCD,  and  of  ADZ,  bemg  found  as  before,  we  next  find 
the  Latitude  and  Departure  of  EA,  from  those  of  AD  and  DE, 
and  thence  the  area  of  ADE  =  9.58.  Lastiy,  we  have  iihe  pro- 
portion 9.58  :  6.81 : :  5.79  :  DZ  =  4.14,  as  before. 

E.  Bt  a  unb  passing  theough  a  qiws  point  within  thb  field. 


Let  P  be  a  point  within  a  field 

Fig.  354. 


(519)  To  part  off  a  trla]ig:le. 

through  which  it  is  required  to 
run  a  line  so  as  to  part  off  finom 
the  field,  a  given  area  in  the 
form  of  a  triangle. 

When  the  field  is  ^yen  on  the 
ground  or  on  a  plat,  the  diyiinon 
can  be  made  by  construction, 
thus.  From  P  draw  PE,  paral- 
lel to  the  side  BG.  Divide  the 
given  urea  by  half  of  the  perpen- 
dicular distance  firom  P  to  AG, 
and  set  off  the  quotient  from  G 
to  G.  Bisect  GO  in  H.  On 
HE  describe  a  semi-circle.  On 
it  set  off  EE  =  EG.  Join  EH. 
Set  off  HL  :=  HE.  The  line  LM,  drawn  from  L  through  P,  will 
be  the  division  line  required.*  If  HE  be  set  off  in  the  contrary 
direction,  it  will  fix  another  line  LTM',  meeting  CB  produced,  and 
thus  parting  off  another  triangle  of  the  required  content. 

Example.    Let  it  be  required  to  part  off  81.175  acres  by  a 
Ednce  passing  through  a  point  P,  the  distance  PD  of  P  from  the 

*  Aji  lome  lines  id  the  figare  are  not  aied  in  the  constraction,  though  needed 
for  the  DemouatratioD,  the  stadcut  fiiould  drew  it  himself  to  a  large  scale. 
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side  BC)  measured  parallel  to  AC,  being  6  chains,  and  DC  18 
chains.  The  angle  at  C  is  fixed  by  a  <'tie-lme''  AB  =  48.00^ 
BC  being  42.00,  and  CA  being  30.00.  Am.  CL  =  27.81 
chains,  or  CL'  =3  7.69  chidns. 

Ihe  figore  is  on  a  scale  of  20  chains  to  1  mch  ==  1 :  15840. 


Fig.  355. 


(520)  J£  the  angle  of  the  field 
and  the  position  of  the  point  P  are 
giyen  bj  Bearings  or  angles,  proceed 
thus,  find  the  perpendicular  dis- 
tances, PQ  and  PS,  firom  the  given 
point  to  the  sides,  by  the  formulas 
PQ  =  PO.rin.  PCQ;  and  PB-= 
PC  .  sin.  PCB.  Let  PQ=: 7,  PB 
= j>,  and  the  required  content  ==0. 

ThenCL=:i±./(4-^i^). 

P      V  \p^       an  LCM/ 

Example.  Let  the  angle  LCM  =s  82^.  Let  it  be  required  to 
part  off  the  same  area  as  in  the  preceding  example.  Let  PC  sa 
19.76,  PCQ=17o  80i',  PCB  =  64o  29 J'.  Bequired  CL. 
Am.  PQs=:5.94,  PB:»  17.82,  and  therefore,  bj  the  formula, 
CL=  27.81,  or  CL' 2=7.69;  corresponding  to  the  graphical 
solution.    The  figure  i^  on  the  same  scale. 

K  the  g^ven  point  were  without  the  field,  the  division  line  could 
be  determined  in  a  similar  manner. 


(521)  To  iNurt  off  a  tudrOateralt    Conceive  the  two  sides  of 


Fig.  356. 


the  field  which  the  divifflon  line  will  intersect, 
DA  and  CB,  produced  till  they  meet  at  a 
point  G,  not  shown  in  the  figure.  «  Calculate 
the  triangle  thus  formed  outside  of  the  field. 
Its  area  increased  by  the  required  area, 
will  be  that  of  the  triangle  EFG.  Then  the 
problem  is  identical  with  that  in  the  last 
article.  The  following  example  is  that 
given  m  (jrummere's  Surveying.  The  figure 
represonts  it  on  a  scale  of  20  chains  to  1  inch  =  1 :  15840. 
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Example.  A  field  is  bounded  thus:  N.  14^  W.,  15.20; 
N.  TOJo  E.,  20.48 ;  S.  6°  K,  22.79 ;  N.  86Jo  W.,  18.00.  A 
spring  within  it  bears  from  the  second  comer  S.  75^  E.,  7.90.  It 
is  required  to  cut  off  10  acres  from  the  West  ude  of  the  field  bj  a 
straight  fence  through  the  spring.  How  &r  will  it  be  from  the 
first  comer  to  the  point  at  which  the  division  fence  meets  the  fourth 
side  ?    Am.  4.6357  chains. 


B  D 


(522)  To  pari  off  any  flgure*    Let  it  be  reqmred  to  part  off 
from  a  field  a  certam  area  by  Fig-  357. 

a  line  passing  through  a  given 
point  P  withm  the  field.  Bun 
a  guess-lme  AB  through  P« 
Calculate  the  area  which  it 
parts  off  Call  the  difference 
between  it  and  the  required 
area  =  i.  Let  CD  be  the 
desired  line  of  division,  and 
let  P  represent  the  angle,  APC  or  BPD,  which  it  makes  with  the 
^ven  line.  Obtain  the  angles  PAC  =s  A,  and  PBD  =  B,  either 
by  measurement,  or  by  deduction  from  Bearings.  Measure  PA 
and  PB.  Then  the  desired  angle  P  will  be  given  by  the  followmg 
formula. 

Cot.  P  =  — i  (cot.  A  +  cot.  B  —  :^?!^zl£l)± 
AP2  .  cot.  B  —  BP»  .  cot.  A 


VD 


2d 


2d 
—  cot.  A  .  cot.  B  + 


i  (cot.  A  +  cot  B— 


AP^  —  BP» 

2d 


)i 


If  the  guess  line  be  run  so  as  to  be  perpendicular  to  one  <^  the 
ndes  of  the  field,  at  A,  for  example,  the  preceding  expresnon 
reduces  to  the  following  simpler  form. 

Cot.  P i  (cot.B--^^'-^^')j: 


v/[ 


AP^    cot.  B 
2d 


i  (cot.  B  — 


Apa  —  BP» 
2d 


n 
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Mcample.  It  was  required  to  cat  off  from  a  field  twelve  acret 
by  a  line  passing  through  a  spring,  P.  A  guess-line,  AB,  was  run 
makmg  an  angle  with  one  side  of  the  field,  at  A,  of  55^,  and  with 
the  opposite  side,  at  B,  of  81^.  The  area  thus  cut  off  was  found 
to  be  18.10  acres.  From  the  spring  to  A  was  9.80  chains,  and  to 
B  8.80  chains.  Required  the  angle  which  the  required  line,  CD, 
must  make  with  the  guess  line,  AB,  at  P.  Ans.  20^  45' ;  or 
—  86"^  25'.    The  heavy  broken  line,  CD',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1 :  7920. 

If  the  given  point  were  outside  of  the  field,  the  calculations  would 
be  similar 


n/( 


F.    Bt  thb  shobtbst  possiblb  line. 

(52S)  To  ]NUt  oir  a  trlangtot    Let  it  be  required  to  part  off  a 
triangular  space,  BDE,  of  g^ven  content,  from  the        Fig.  358. 
comer  of  a  field,  ABC,  by  the  shortest  possible 
line,  DE. 

From  B  set  off  BD  and  BE  each  equal  to 

-; — =- 1 .    The  line  DE  thus  obtained  will  be 
am.  D  f 

perpendicular  to  the  line,  BF,  which  bisects  the  an- 
gleB.  The  length  ofDE=  ^^^'^°^^'^-°>.    / 

Example.  Let  it  be  required  to  part  off  1.8  acre  firom  the 
comer  of  a  field,  the  angle,  B,  being  80^.  An%.  BD  =a  BE  S9 
7.21 ;  and  DE  =  8.78. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =1 :  7920. 

6.    Land  of  vabiablb  value. 

(524)  Let  the  figure  represent  a  field  in  which 
the  land  is  of  two  qualities  and  values,  divided  by   B 
the  *^  quality  line''  EF.    It  is  required  to  part  off 
firom  it  a  quantity  of  land  worth  a  certun  sum,  by  ' 
a  straight  fence  parallel  to  AB. 

Multiply  the  value  per  acre  of  each  part  by  its 
length  (in  chains)  on  the  line  AB,  add  tiie  pro> 
ducts,  multiply  the  viedue  to  be  set  off  by  10,  divide 
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by  the  above  sum,  and  the  qiiotient  will  be  the  demed  breaddiy  BG 
or  ADy  in  chainB. 

Example.  Let  the  land  on  one  aide  of  £F  be  worth  $200  pei 
acre,  and  on  the  other  ode  $100.  Let  the  length  of  the  fonaer, 
BE|  be  10  chains,  and  EA  be  80  chains.  It  is  reqmred  to  part 
off  a  quantity  of  land  w<Hih  $7500.  Am.  The  width  of  the 
deored  strip  will  be  15  chains* 

The  scale  of  the  figure  is  40  chains  to  1  mch  =  1:31680. 

If  the  ^^  quality  line"  be  not  peipendieiilar  to  AB,  it  may  be 
made  so  by  '^  guying  and  taking,"  as  in  Art  (124))  or  as  in  the 
article  following  this  one. 

The  same  method  may  be  applied  to  land  of  any  nmnber  of 
diierent  qualities ;  and  a  combination  of  this  method  with  the  pre- 
ceding problems  will  sdve  any  case  which  may  occur. 

H.      STBAIQHTJtNLNG  CBOOKSD  FBNCBS. 

(52S)  It  is  often  required  to  snbsiitate  a  straight  fence  for  a 
crooked  one,  si  (hat  the  former  shall  part  off  precisely  the  same 
quantity  of  Uind  as  did  the  latter.  This  can  be  done  on  a  plat  by 
the  method  ^yen  in  Art  (8S),  by  which  Qie  irregular  figure 

Fig.  360. 


a  1 

1...2...8...4...5  is  reduced  to  the  eqmyalent  faiangle  1...5...8',and 
the  stnught  line  5...3'  therefore  parts  off  the  same  quantity  of  land 
on  either  side  as  did  the  crooked  one.  The  distance  fix>m  1  to  8', 
as  found  on  the  jdat,  can  then  be  set  out  on  the  ground  and  the 
straight  fence  be  then  ranged  from  8'  to  5 

The  work  may  be  done  on  the  ground  more  accurately  by  run- 
mng  a  guess  line,  AC,  Ilg.  861,  across  the  bends  of  the  fence  which 
crooks  from  A  to  B,  measuring  ofiets  to  the  bends  on  each  side 
of  tiie  guess  line,  and  calculating  their  content.  K  the  sums  of 
these  areas  on  each  side  of  AC  chanced  to  be  equal,  that  would  bo 
the  line  denred ;  but  if,  as  in  the  figure,  it  passes  too  fiur  on  one 
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ride,  divide  the  difference  of  the  areas  by  half  of  AC,  and  set  it 
off  at  right  angles  to  AG,  from  A  to  D.  DC  inll  then  be  a  line 
parting  off  the  same  qnaniitj  of  land  as  did  the  crooked  fence.  If 
the  fence  at  A  was  not  perpendicular  to  AC,  but  obUquOi  as  AE, 
then  from  D  nm  a  parallel  to  AC^  meeting  the  fence  at  E,  and  EG 
will  be  the  required  line. 


CHAPTER  in. 


DlflDnK}  UP  LAHD. 

(526)  Most  of  the  problems  for  ^  Dividing  up''  land  may  be 
brought  under  the  cases  in  the  precedmg  chapter,  by  regarding 
one  of  the  portions  into  which  the  figure  is  to  be  divided,  as  an 
area  to  be  ^^  Parted  off''  from  it  Many  of  them,  however,  can 
be  most  neatly  executed  by  considering  them  as  independent  pro- 
blems, and  this  will  be  here  done.  They  will  be  arranged,  finrtly, 
accordmg  to  the  simplicity  of  the  figure  to  be  divided  up,  and  then 
sub-arranged,  as  in  the  leading  arrangement  of  Chapter  11,  accord- 
ing to  the  manner  of  the  division. 

DIVISION  OF  TRIANGLES. 

(527)  By  liies  paraDel  to  a  side.  Sup-  Fig.  362. 
pose  that  the  triangle  ABC  is  to  be  divided  into 
two  equivalent  parts  by  a  line  parallel  to  AC. 
Tlie  desired  point,  D,  from  which  this  line  is  to 
start,  will  be  obtdned  by  measuring  BD=b 
AB  %/|.    So,  too,  E  is  fixed  by  BE  =  BC  ^/^. 


MS 
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GenenUy,  to  diTid«  die  tanan^  mto  two  iwrtB,  BDE  and  AGED 
idiidi  shall  have  to  each  odier  a  ntiio^m  :  »,  we  hare  BDa 
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This  maj  be  oonstrocted  Aiib.    Deflcnbe  a         ^^ 
Mimeircle  oo  AB  as  a  diameter.    From  B  sek     S- ~  V^ 


offBFss — - — .BJL    AtFerectaperpendi-  / 
m  +  n  ^   '  •. 

eolar  meeting  the  senudrde  at  G.    Set  off  B6  V 

from  B  to  D.    D  18  the  atariiiig  pcnnt  of  the  divi- 

non  line  reqmred.    In  the  figure,  Ae  two  parts  are  as  2  to  8,  and 

BF]8(herefi>ie=|BA. 

To  divide  the  trian^  ABC  into  five 
eqniyalent  parts,  we  should  hare,  dnulariy, 
BD—AB  Vi;  Biy  =  AB  Vi;  BD" 
— AB  VI;  Biy''  =  AB  Vh 

The  same  method  will  drride  the  trian- 
^e  into  any  deared  nmnber  of  parts  hay- 
ing any  ratios  to  each  othen 


Fig.  964. 


Suppose  that  ABO 

Fig.  365. 

B 


(528)  9j  lines  ferpenilcalar  to  a  sfie* 

is  to  be  divided  into  two  parts  having 
a  ratio  =  m :  n,by  aline  perpendicular 
to  AC.  Let  EF  be  flie  dividing  line 
whose  position  is  required.  Let  BD 
be  a  perpendicnlar  let  M  from  B  to 

AC.    ThenisAE  =  ^^AC  X  AD  X  — ^y     In  this  figure, 

AFE  :  EFBC  : :  m  :  n  ::  1 :  2. 

If  the  trian^e  had  to  be  divided  mto  two  equivalent  parts,  the 
above  expression  would  become  AE  =  V(i  AC  x  AD). 

(529)  By  llMS  nuudng  Ib  any  glren  direction.  Let  a  triangle, 
ABC,  be  g^ven  to  be  divided  into  two  parts,  having  a  ratio  =  m  :  n, 
by  a  line  makmg  a  given  angle  with  a  side.    Part  oflE^  as  in  Art 


(M9)  or  CfflO),  Fig.  860,  an  area  BFO  == 


tn 

la  4-  N 


•  ABC. 
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(5M)  By  IlBes  sterttug  tr^m  an  aigle.    Divide  the  aide  oppo 
Bite  to  the  ^ven  angle  into  the  required  nam-  ^^s-  3M* 

ber  of  parts,  and  draw  lines  from  the  angle  to 
the  points  of  division.  In  the  figure  the  tri- 
angle is  represented  as  being  thus  divided  into 
two  equivalent  parts. 

If  the  triangle  were  required  to  be  divided  mto  two  parts,  having 

in 

to  each  other  a  ratio  —  m  :  »,  we  should  have  AD  =  AC  — ; — » 
andDC  =  AC-4— 

m  +  n 

It  the  triangle  had  to  be  divided  into  three 
parts  which  should  be  to  each  other ::  m :  n  :p^ 


Fig.  367. 


we  should  have  AD  =  AC 


m 


m  +  n  +  p 


,DE 


n 


,  and  EC  =  AC ^ 


=  AC  — 

m  +  n  +  p'  m  +  n  +  p 

Suppose  that  a  triangular  field  ABC,  had  to  be  divided  among 
five  men,  two  of  them  to  have  a  quarter  each,  and  three  of  them 
each  a  sixth.  Divide  AC  into  two  equal  parts,  one  of  these  again 
into  two  equal  parts,  and  the  other  one  into  three  equal  parts. 
Run  the  lines  from  the  four  points  thus  obtiuned  to  the  angle  B. 


(5S1)  By  lines  starting  froa  a  point  in  a  Mtt    Suppose  that 
the  triangle  ABC  is  to  be  divided  into  two  Fig.  368 

equivalent  parts  bj  a  line  starting  from  a  pdnt 
D  in  the  side  AC.  Take  a  point  E  in  the 
middle  of  AC.  Join  BD,  and  from  E  draw  a 
paraUel  to  it,  meeting  AB  in  F.  DF  will  be 
the  dividing  line  required. 

The  point  F  will  be  most  easily  obtiuned  on  the  ground  by  tii# 
proportion  AD  :  AB  : :  AE  =  J  AC  :  AF. 

The  altitude  of  AFD  of  course  equals  ^  ABC  4-  k  AD. 

K  the  tnangle  is  to  be  divided  into  two  parts  having  any  other 
ratio  to  each  other,  divide  AC  in  that  ratio,  and  then  proceed  as 

before.     Let  this  ratio  =s  /Ti  :  n,  then  AF  s=  -  *" 


AD 


m  +  n 
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Fig.  370. 


(fi82)  Next  (rappose  that  the  triazH  Fig.  369. 

gle  ABC  18  to  be  divided  into  Aree 
equivalent  parts,  meeting  at  D.  The 
sltitades,  EF  and  GH,  of  the  parts 

ADE  and  DCG,  vrill  be  obtained  by  jm. j-^ — inr 

lividing  \  ABC,  by  half  of  the  respective  bases  AD  and  DC. 

If  one  of -tiiese  quotients  ^ves  an  altitude  greater  than  that  of  the 
triangle  ABC,  it  will  shew  that  the  two  lines  DE  and  DG  would 
both  cut  the  same  mde,  as  in  Fig.  870,  in 
which  EF  is  obtained  as  above,  and  GH  =» 
}  ABC  -^  I  AD. 

In  practice  it  is  more  convenient  to  de- 
termine the  points  F  and  G,  by  these 
proportions ;  *"       I      h  k. 

BK  :  AK  : :  EF  :  AF;  and  BK  :  AK  : :  GH  :  AH. 

The  division  of  a  trian^e  into  a  greater  number  of  parts,  having 
any  ratios,  may  be  effected  in  a  similar  manner. 

(58S)  This  problem  admits  of  a  more  elegant  solution,  analogous 
to  that  given  for  the  division  into  two  ^^s*  371. 

parts,  graphically.  Divide  AC  into 
three  equal  parts  at  L  and  M.  Join 
BD,  and  from  L  and  M  draw  paral- 
lels to  it,  meeting  AB  and  BC  in  E 
and  G.  Draw  ED  and  GD,  which  will  be  the  desired  lines  of 
division.    The  figure  is  the  same  triangle  as  fig.  869. 

The  points  E  and  G  can  be  obtained  on  the  ground  by  measup* 
mg  AD  and  AB,  and  making  the  proportion  AD :  AB ::  }  AC :  AE. 
The  point  G  is  similarly  obtained. 

The  same  method  will  divide  a  triangle  into  a  greater  number 
of  parts. 

(584)  To  divide  a  triangle  into  /our  equivalent  triangles  by 


lines  terminating  in  the  sides,  is  very 
easy.  From  D,  the  middle  point  of  AB, 
draw  DE  parallel  to  AC,  aLd  from  F, 
the  middle  of  AC,  draw  FD  and  FE. 
The  problem  is  now  solved. 


Fig.  372. 
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iSii)  By  liiM  musing  throvgh  a  paiat  wlOiiii  the  trianf le. 

Let  D  be  a  given  point  (such  as  a  well,  ^-  ^^v 

&c.)  within  a  triangular  field  ABO,  from 

which  fences  are  to  run  so  as  to  divide 

die  triangle  into  two  equivalent  parts. 

Join  AD.    Take  E  in  the  middle  of  BC,  ^^ 

and  from  it  draw  a  parallel  to  DA,  meeting  AG  m  F.    EDF  is 

the  fence  required. 


Fig.  374. 


Jt  B 


(586)  If  it  be  required  to  di- 
vide a  triangle  into  two  equiva- 
lent parts  by  a  straight  line  pass- 
ing through  a  point  within  it,  pro- 
ceed thus.  Let  P  be  the  ^ven 
point.  From  P  draw  PD  paral- 
lel to  AC,  and  PE  parallel  to  BO. 
Bisect  AC  at  F.  JoinFB.  From 
B  draw  BO  parallel  to  DF.  Then 
bisect  GC  in  H.  On  HE  de- 
scribe a  semicircle.  On  it  set  off 
EE  =  EC.  Job  EH.  Set  off 
HL=:HE.  The  line  LM  drawn 
from  L,  through  P,  wiU  be  the 
division  line  required. 

This  figure  is  the  same  as  that  of  Art.  (519).  The  triangle 
ABC  contains  62.85  acres,  and  the  distance  GL  s  27.S1  chains, 
as  in  the  example  in  iiiat  article. 

(5S7)  Next  suppose  that  the  trian- 
^e  ABC  is  to  be  divided  into  three 
equivalent  parts  bj  lines  startmg  from 
a  point  D,  within  tlie  triangle,  ^ven  by 
the  rectangular  co-ordinates  AE  and 
and  ED.  Let  ED  be  one  of  the  Unes 
of  division,  and  F  and  G  the  other  points  required.  The  point  F 
will  be  determined  if  AH  is  known ;  AH  and  HF  being  its  rectan* 
gular  coK>rdinates.    From  B  let  fall  the  perpendicular  BE  on  AC. 
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Theni8AH=^^i*^^i^~i^^,^^>     The  position  of  the 
J.UC11 » .a^        AB  X  BK  —  ED  X  AK  *^ 

other  point,  G,  is  determined  in  a  omilar  manner. 

(«S8)  Let  DB,  instead  of  DE,  Fig.  876 

be  one  of  the  required  lines  of 
division.  Divide  ^  ABC  by  half 
of  tiie  perpendicular  DH,  let  fall 
from  D  to  AB,  and  the  quotient 
will  be  the  distance  BF.  To  find 
G,  if,  as  in  this  figure,  the  trian-  a1 
gle  BDC  (=  BC  X  i  DE)  is  less  than  I  ABC,  divide  the  excess 
of  the  latter  (which  will  be  CDG)  by  J  DE,  and  the  quotient  will 
beCG. 

JExample.  Let  AB  =  80.00 ;  BC  =  46.00 ;  CA  =  50.00. 
Let  the  perpendiculars  from  D  to  the  sides  be  these ;  DE  =  10.00 ; 
DH  =  20.00 ;  DE  ===  5.17^.  The  content  of  the  triangle  ABC 
wiQ  be  666.6  square  chains.  Each  of  the  small  triangles  must 
therefore  contun  222.2  sq.  chs.,  BD  being  one  division  line.  We 
shall  therefore  have  BF  =  222.2  -t-  {  DH  =  22.2  chains.  BDC 
s=  45  X  i  X  5.17}  =  116.4  sq.  chs.,  not  enough  for  a  second  por- 
tion, but  leaving  105.8  sq.  chs.  for  CDG ;  whence  CG  =  21.16 
chs.  To  prove  the  work,  calculate  the  content  of  the  remaining 
portion,  GDFA.  We  shall  find  DGA  «  144.2  sq.  chs.,  and  ADF 
=  78.0  sq.  chs.,  making  together  222.2  sq.  chs.,  as  required. 

The  scale  of  fig.  876  is  80  chains  to  1  inch  =  1  :  28760. 

(539)  The  precedmg  case  may  Fig.  377. 

be  also  solved  graphically,  thus. 
TakeCL  =  ^AC.  Join  DL,  and 
from  B  draw  BG  parallel  to  DL. 
Join  DG.  It  will  be  a  second  line 
of  division.  Then  take  a  point, 
M,  in  the  middle  of  BG,  and  firom  a^ 
it  draw  a  line,  MF,  parallel  to  DA.  DF  will  be  the  third  line  of 
division.  This  method  is  neater  on  paper  than  the  preceding ;  but 
leas  convenient  on  the  ground. 
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(flO)  Let  it  be  required  to  divide  Fig.  378. 

the  triangle  ABC  into  three  equiyar 
lent  triangles,  by  lines  drawn  from 
the  three  angular  points  to  some  un- 
knatim  point  within  the  trian^e.  This 
point  is  now  to  be  found.  On  any  A 
side,  as  AB.  take  AD  =  |  AB.  From  D  draw  DE  paraDel  to 
AC.    The  middle,  F,  of  DE,  is  the  point  required. 

I£  the  three  small  triangles  are  not  to  be  equivalent,  but  are  to 
have  to  each  other  the  ratios  ::m:n:pj  Fi^.  379. 

divide  a  side,  AB,  into  parts  having 
these  ratios,  and  through  each  point 
of  division,  D,  E,  draw  a  parallel  to 
the  ffide  nearest  to  it.  The  intersec- 
tion of  these  parallels,  in  F,  is  the  A 
point  required.  In  the  figure  the  parte  ACF,  ABF,  BCF,  are  aa 
2:8:4. 


(o4I)  Let  it  be  required  to  find  Fig.  ssg. 

the  position  of  a  point,  D,  situated 
within  a  given  triangle,  ABC,  and 
equally  distant  from  the  points  A,  B, 
C;  and  to  determine  the  ratios  to 
each  other  of  the  three  triangles  into 
which  the  given  triangle  is  divided. 

By  construction,  find  the  centre  of  the  circle  passing  through 
A,  B,  C.    This  wiU  be  the  required  point. 

By  calculation,  the  distance  DA  =  DB  =  DC  =  ^^  X  BO  x  CA 
*^  4  X  area  ABO 

The  three  small  triangles  will  be  to  each  other  as  the  sines  of  their 
angles  at  D ;  i.  e.  ADB  :  ADC  :  BDC  : :  sin.  ADB  :  sin.  ADC  : 
am.  BDC.  These  angles  are  readily  found,  since  the  sine  of  half 
of  each  of  them  equals  the  opposite  side  divided  by  twice  one  of 
the  equal  distances. 
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(512)  By  Om  shortest  possikle  line.    Let  it  be        Fig.  3si. 
required  to  divide  the  triangle  ABC  bj  the  short 
est  posfflble  line,  DE,  into  two  parts,  which  shall 
be  to  each  other  ::  m  :n;  or  DBE  :  ABO  : :  m 
:  w  +  ». 

From  the  smallest  angle,  B,  of  the  triangle, 
measure  along  the  sides,  BA  and  BG,  a  distance 

BD  =  BE=y(-^XABxBc).    DEisihe 

line  required.    It  is  perpendicular  to  the  line  BF  which  bisects 

sin.  B      //    m  _       ^^\ 

BC^- 


the  angle  ABO;  anditis  = 


cos.  ^B 


X  ABx 


DIVISION    OF   RECTANGLES. 

(54S)  By  lines  parallel  to  a  sMei  Divide  two  opposite  ndes 
into  the  required  number  of  parts,  either  equal  or  in  any  gLven 
ratio  to  each  other,  and  the  lines  joining  the  points  of  division  wiU 
be  the  lines  desired. 

The  same  method  is  applicable  to  any  parallelogram. 

Example.  A  rectangular  field 
ABOD,  measuring  15.00  chains 
by  8.00,  is  bought  by  three  men, 
who  pay  respectively  $300,  (400 
and  $500.  It  is  to  be  divided 
among  them  in  that  proportion. 
Am.  The  portion  of  the  first, 
AEE'B,  is  obtained  by  making  the  proportion  800  +  400  +  500  : 
800  : :  15.00  :  AE  =  8.75.  EF  is  in  like  manner  found  to  be 
6.00 ;  and  FD  =  6.25.  BE'  is  made  equal  to  AE ;  E'F  to  EF ; 
and  FO  to  FD.  Fences  from  E  to  E',  and  from  F  to  F,  will 
ilivide  the  land  as  required. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1 :  7920. 

The  other  modes  of  dividing  up  rectangles  will  be  given  undet 
rtie  head  of  "  Quadrilaterals,'*  Art.  (548),  &o. 
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(544)  By  lines  parallel  to  the  bases*    Giren  die  bases  and  a 


Fig  383. 


third  side  of  the  trapezoid,  ABCD,  to  be 
divided  into  two  parts,  such  that  BCFE  : 
EFDA  ::m:n. 

The  length  of  the  desired  dividing  line, 
EF  -,//«xAP'  +  nxBO»\ 
V  \  m  +  n  f 

The  distance  BE=^°5J^^~°^>. 

JShuirnple.  Let  AD  =  80  chains ;  BC  = 
20  chs. ;  and  AB  =  64}  chs. ;  and  the  parts 
to  be  as  1  to  2;  reqidred  EF  and  BE. 
Ans.    EF  =  28.80 ;  and  BE  =  20.65. 

The  figure  is  on  a  scale  of  80  chains  to  1 
mch  =  1 :  28760. 


(545)  Given  the  bases  of  a  trapezoid,  and  the  perpendicular 
distance,  BH,  between  them ;  it  is  required  to  divide  it  as  before, 
and  to  find  EF,  and  the  altitude,  BG,  of  one  of  the  parts.    Let 

BCFE:EFDA::w:n.    Then  BG  =  — 5^21^  + 

AD— BO 


VLm  +  n 


2  X  ABCD  X  BH 


EF  =  BC  +  BG  X 


AD  — BO 
AD  — BO 
~BH 


.  /BOxBH\a-| 
'*"\AD-BO/  J* 


Hxample.  Let  AD  =  80.00 ;  BO  =  20.00 ;  BH  =  54.00 ; 
and  the  two  parts  to  be  to  each  other  : :  46  :  89. 

The  above  data  ^ve  the  content  of  ABCD  =  1850  square 
chains.  Substituting  these  numbers  in  the  above  formula,  we  obtain 
BG  =  20.96,  and  EF  =  28.88. 

(546)  By  lines  starting  fk'om  points  In  a  side*  To  divide  a 
trapezoid  mto  parts  equivalent,  or  having  any  ratios,  divide  ita 
parallel  eddes  in  the  same  ratios,  and  join  the  correspondmg  points. 
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Fig.  384. 
R        £  »        G 


If  it  be  also  required  ihat  the  division  lines  shall  start  firoiD 
given  points  on  a  ade,  proceed 
thns.  Let  it  be  reqnured  to 
divide  the  trapezoid  ABCD 
into  three  equivalent  parts  by 
fences  starting  firom  P  and  Q 
Divide  the  trapezoid,  as  above 

directed,  into  three  equivalent    ^  F       p       h      n 

trapezoids  by  the  lines  EF  and  6H.    These  three  trapezoids  mu 
now  be  transformed,  thus.    Join  EP,  and  from  F  draw  FR  paral 
lei  to  it.    Join  PR,  and  it  will  be  one  of  the  division  lines  required. 

The  other  division  line,  QS,  is  obtained  similarly. 

(547)  Other  caseSt  For  other  cases  cf  dividmg  trapezoids, 
apply  those  for  quadrilaterals  m  general,  g^ven  in  the  following 
articles.* 

DIVISION   OF  QUADRILATERALS. 

(548)  By  lines  iMtraUel  to  a  side.  Let  ABOD  be  a  quadrila 
teral  which  it  is  required  to  Fig.  385. 

divide,  by  a  line  EF,  paral- 
lel to  AD,  into  two  parts, 
BEFG  and  EFDA,  which 
shall  be  to  each  other  as 
971 :  n.  Prolong  AB  and  CD 
to  intersect  in  G.  Let  a  be 
the  area  of  the  triangle 
ADG,  obtained  by  any  me- 
thod, graphical  or  trigono- 
metrical, and  a'  =  the  area  '^'  b'  K  O' 
of  the  triangle  BCG,  obtamed  by  subtracting  the  area  of  the  given 
quadrilateral  from  that  of  the  triangle  ADG.    Then  GE  =  GH 

Vl  r — -- — r— I .    Having  measured  this  length  of  GK  from  G  on 

GH,  set  off  at  E  a  perpendicular  to  GE,  and  it  will  be  the  required 
line  of  division. 

*  If  « line  be  drawn  joining  the  middle  points  of  the  parallel  bases  of  a  trape- 
mid,  any  litu  drawn  through  the  middle  ox  the  first  line,  and  meeting  the  paral 
lei  bases»  will  divide  the  trapezoid  into  two  eqniv^ent  partsw 
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Otherwise,  take  GE  =  GA^  /(  f*^       ,    | ;  and  from  E  ran 

V  ^(«»  +  »)  ^' 

a  parallel  to  AD. 
If  the  two  parts  of  the  quadrilateral  were  to  be  equivalent,  m  =n, 

uA  we  have  GK  =  GH  V(^)  ;  aad  consequentty  GE  to 

GA  in  the  same  ratio. 

BxasnvpU.  Let  a  quadrilateral,  ABCD,  be  required  to  be  thus 
livided,  and  let  its  angles,  B  and  C,  be  given  by  rectangular  co-ordi- 
nates, via :  AB'  =  6.00 ;  B'B  =  9.00 ;  DC  =  8.00 ;  CO  =  18.00 ; 
BO'  =  24.00.  Here  GH  is  readUy  found  to  be  29.64 ;  ADG  = 
668.16  square  chains ;  and  BGC  =  220.16  square  chams.  Hence, 
by  Oie  formula,  GE  =»  24.72 ;  whence  EH  =  GH  —  GE  =r  4.92 ; 
and  the  abscissas  for  the  pomts  E  and  F  can  be  obtamed  by  a 
simple  proportion. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =»  1 :  15840. 

K  the  quadrilateral  be  given  by  Bearings,  part  o£f  the  desired 

area  = .  ABCD,  by  the  formulas  of  Art.  (S04). 

in  -^  11 

Suppose  now  tiiat  a  quad-  Fig.  386. 

rilateral,  ABCD,  is  to  be  di- 
vided into  j9  equivalent  parts, 
by  lines  parallel  to  AD. 
Measure,  or  calculate  by  Trir 
gonometry,  AG.  Let  Qbe 
the  quadrilateral  ABOD,  and, 
as  before,  a' =  BOG.    Then    a" 


GE^AG^I^j;  GL  =  Ag7J^ 


2_Q 
Q 


GN  =  AG^ 


-  +  '-S..»c. 


a'  +  Q 

If  the  quadrilateral  be  ^ven  by  Bearings,  part  off,  by  Art.  (M4), 

1  2 

-  .  ABCD,  then  part  off  -  .  ABCD ;  &c. ;  so  in  any  nmilar  case. 


P  ^  T 
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(549)  By  lilies  perpeniicvlar  to  a  side* 

quadrilateral  which  is  to  be  divided,  by 
a  line  perpendicular  to  AD,  into  two       ^ 
parts  having  a  ratio  =  m  :  n.    By  hypo- 
thesis, ABEF  =  -^^  .  ABCD. 


m 


n 


Let  ABCD  be  a 

Fig.  aST. 


Takmg  away  the  triangle  ABG,  the  ^  ^ 
remainder,  GBEF,  will  be  to  the  rest  of  the  figure  in  a  known 
ratio,  and  the  position  of  EF,  parallel  to  BG,  will  be  found  as  in 
the  last  article. 


(550)  By  lines  rumiliig  ii  any  given  direcUont    To  divide 
a  quadrilateral  ABCD  into  two  parts  : :  m  :  n,  part  oS  from  it  an 

area  =  —5!^  .  ABCD,  by  the  methods  of  Arts.  (509)  or  (510), 
i»  +  » 

if  the  area  parted  off  is  to  be  a  triangle,  or  Arts.  (511)  or  (512), 

if  the  area  parted  off  is  to  be  a  quadrilateral. 


(551)  By  lines  starting  flrom 

divided,  by  the  line  CE,  into  two 
parts  having  the  ratio  m  :  n. 
Since  the  area  of  the  triangle 


an  angle*     ABCD  is  to  be 

Fig.  388. 

C 


CDE  = 


m 


.  ABCD,  DE  will 


m  +  n 

be  obtuned  by  dividing  this  area 
by  half  of  .the  altitude  CF. 


(552)  By  lines  starting  flrom  points  in  a  side.     Let  it  be 


required  to  divide  ABCD  into  two 
parts  : :  m  :  n,  by  a  line  starting  from 
the  point  E.    The  area  ABFE  is 


Fig.  389. 


known,  (being  = 


m 


.  ABCD)  as 


also  ABE;  AB,  BE,  and  EA  be- 
ing given  on  the  ground.     BEF  will  then  be  known  =  ABFE  -  - 

BEF 
ABE.    Then  GF  =  j=,  and  the  point  F  is  obtained  by  running 

a  parallel  to  BE,  at  a  perpendicular  distance  fi*om  it  =  OF. 


CHIP.  III.] 


DlfMlng  up  Land. 


859 


To  divide  a  quadrilateral,  ABGD,  Fig.  39o. 

graphicallj,  into  two  equivalent  parts 
bj  A  line  firom  a  point,  E,  on  a 
side,  proceed  thus.  Draw  the  diago- 
nal GA,  and  from  B  draw  a  parallel 
to  it,  meeting  DA  prolonged  in  F. 
Mark  the  middle  pomt,  G,  of  FD.    F^  a     g     m 

Join  GE.  From  G  draw  a  parallel  to  EG,  meeting  DA  in  H.  EH 
is  the  required  line.  The  quadrilateral  could  also  be  divided  in 
anj  ratio  =  m:n,hj  dividing  FD  in  that  ratio. 

If  the  quadrilateral  be  ffv^n  by  Bearings,  proceed  to  part  off 
the  desired  area,  as  in  Art.  (616)  or  (616). 

(563)  Let  it  be  required  to  divide  a  quadrilateral,  ABGD,  into 
three    equivdlenit    parts.  Fig.  391. 

From  any  angle,  as  G, 
draw  GE,  parallel  to  DA. 
Divide  AD  and  EG,  each 
into  three  equal  parts,  at 

F,  F,  and  G,  G'.  Draw 
BF,  BF'.  From  G  draw 
GH,  parallel  to  FB,  and 

from  G'  draw  G'H',  par   ^  ^  P' 

rallel  to  F'B.    FH  and  F'll'  are  the  required  lines  of  division. 

Let  it  be  required  to  make  Fig.  392. 

the  above  division  by  Unea 
Btcorting  from  two  given 
point$j  P  and  Q.  Beduce 
tiie  quadrilateral  to  an  equi- 
valent triangle  GBE,  as  in 
Art.  (87).  Divide  EB  into 
three  equal  parts  at  F  and 

G.  Join  GQ,  and,  from  G, 
draw  GE  parallel  to  it.    Join  GP,  and  from  F  draw  FL  parallel 
to  it.    Join  PL  and  QE,  and  they  will  be  the  division  lines  required. 

(661)  By  lines  passing  through  a  point  within  the  Hg ire* 

Proceed  to  part  off  the  desired  area  as  in  Arts.  (619),  (620) »  oi 
(621),  according  to  the  circumstances  of  the  case. 
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DIVISION   OF  POLYGONS. 

(S56)  By  lines  mnnliiir  In  any  direction.  Let  ABODEFG  bt 
a  ^yen  polygon,  and  BH  ilie  di- 
rection parallel  to  which  b  to  be 
drawn  a  line  PQ,  dividing  the 
polygon  into  two  parts  in  any  de- 
sired ratio  ssm  :  n.    The  area 


Fig.  393. 

n 


PCDEQ  = 


m 


ABCDEFG. 


m  +  n 

Takmg  it  from  the  area  BCDEH, 

tihe  remmder  will  be  the  area 

BPQH.       The       quadrilateral 

BGEH,  CE  bemg  supposed  to  be  drawn,  can  then  be  divided  by 

the  method  of  Art.  (£48),  into  two  parts,  BPQH  and  PQEC, 

having  to  each  other  a  known  relation. 

If  DK  were  the  ^ven  direction,  at  right  angles  to  the  former, 
the  position  of  a  dividing  line  RS  could  be  similarly  obtained. 

(5M)  By  lines  starting  from  an  anglOt    Produce  one  side,  AB 

Fig.  394. 
Z 


A  W"        B 

of  the  given  polygon,  both  ways,  and  reduce  the  polygon  to  a  single 
equivalent  triangle,  XYZ,  by  the  method  of  Art.  (82).  Then 
divide  the  base,  XY,  in  the  required  ratio,  as  at  W,  and  draw 
ZW,  which  will  be  the  division  line  desired.  In  this  figure  the 
polygon  is  divided  into  two  equivalent  parts. 


oba.*.  in.] 


DlTUIiig  ap  Lani. 


361 


K  the  dieision  line  should  pass  outside  ofthe  poljgou,  as  does 
ZPj  through  P  draw  a  parallel  to  BZ,  meeting  the  adjacent  side 
«f  the  polygon  in  Q,  and  ZQ  will  be  the  division  line  desired. 

(557)  tj  lines  starting  from  a  point  on  a  side*  See  Articles 
(517)  and  (518)  in  the  preceding  chapter. 

(558)  By  lines  passing  tlirongli  a  point  within  the  lignre« 

Part  off,  as  in  Arts.  (519)  or  (5t2)  m  the  preceding  chapter, 
if  a  straight  line  be  required ;  or  by  guess  lines  and  the  addition 
of  triangles,  as  in  Art.  (5S8)  of  this  chapter,  if  the  lines  have 
merely  to  start  from  the  point,  such  as  a  spring  or  well. 

(550)  Other  proUesSi  The  following  is  from  Gummere's  Sur- 
veying. Question.  A  tract  of  land  is 
bounded  thus:  N.  85^^  e.,  28.00 ;  N. 
75 JO  E.,  80.50 ;  S.  8p  E.,  46.49 ;  N. 
66p  W.,  49.64.  It  is  to  be  divided  into 
four  equivalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the  third 
side ;  required  the  distance  of  the  parallel 
divitton  line  from  the  first  comer,  mea- 
sured on  the  fourth  side ;  also  the  Bearing 
of  the  other  division  line,  and  its  distance  from  the  same  comer 
measured  on  the  first  side.  Ana.  Distance  of  the  parallel  divi- 
sion line  from  the  first  comer,  82.50 ;  the  Bearing  of  the  other, 
S.  88^  22'  E. ;  and  its  distance  from  the  same  comer  5.99. 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1 :  81680. 

An  indefinite  number  of  problems  on  this  subject  might  be  pro- 
posed, but  they  would  be  matters  of  curiosity  rather  than  of  utility, 
and  exercises  in  Geometry  and  Trigonometry  rather  than  in  Sur> 
veymg ;  and  the  youngest  student  will  find  his  life  too  short  for 
even  the  hastiest  survey  of  merely  the  most  fruitful  parts  of  Uio 
boundless  field  of  Mathematics. 
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PART  ni. 


THE  PUBLIC  LANDS 
OF  THE   UNITED  STATES/ 

(560)  General  systemt  The  Public  Lands  of  die  United  Statet 
ef  America  are  generallj  divided  and  laid  oat  into  equares,  the 
ddes  of  which  ran  truly  North  and  South,  or  East  and  West. 

This  is  effected  by  means  of  Meridian  lines  and  Parallels  of  Lati- 
tude, established  six  miles  apart  The  principal  meridians  and  base 
lines  are  established  astronomicallj,  and  the  intermediate  ones  are 
run  with  chain  and  compass.  The  squares  thus  formed  are  called 
Townships.  Thej  contain  86  square  miles,  or  23040  acres,  '^  as 
nearly  as  may  be."  The  map  on  the  opposite  page  represents  a 
portion  of  the  Territory  of  Oregon  thus  laid  out  The  scale  is  10 
mOes  to  1  inch  =  1 :  638600.  On  it  will  be  seen  the  ''Willamette 
Meridian,"  running  truly  North  and  South,  and  a  ''  Base  line," 
which  is  a  ''  Parallel  of  Latitude,"  running  truly  East  and  West 
Parallel  to  these,  and  ux  miles  from  them,  are  other  lines,  forming 
Townships.  All  the  Townships,  situated  North  or  South  of  each 
udier,  form  a  Ranob.  The  Ranges  are  named  by  their  number 
East  or  West  of  the  principal  Meridian.  la  the  figure  are  seen 
three  Ranges  East  and  West  of  the  Willamette  Meridian.  They  are 
noted  as  R.  I.  E.,  R.  L  W.,  &c.  The  Townships  in  each  Range 
are  named  by  their  number  North  or  South  of  the  Base  line,    hx 

*  The  sabstance  of  this  Part  is  mainly  taken  from  "  InstnictioDs  to  the  Surveyor 
General  of  Oregon,  being  a  Manual  for  Field  Operations,"  prepared,  in  March, 
1851,  by  John  M.  Moore,  '*  Principal  Olerk  of  Surveys,"  by  direction  of  Hon. 
J.  Butterfield,  **  Oommissioner  of  the  General  Land  Office,*'  and  communicated  to 
the  author  by  Hon.  John  Wilson,  the  prettmt  Oommissioner.  The  aim  of  the 
**  Instmctions"  is  stated  to  be  "  simplicity,  uniformity  and  permanency."    They 


seem  admirably  adapted  for  these  objects,  and  the  lasting  importance  of  the  subject 

led  the  author  to  repn 
They  were  sbbseauently  directed  to  De  adopted  for  the  Sarve3ring  service  i» 


in  this  country  has  led  the  author  to  reproduce  about  half  of  them  in  this  place. 
They  were  subseauently 
Minnesota  and  California. 
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the  figare  along  tlie  principal  Meridian  are  seen  four  North 
and  five  South  of  the  Base  line.  The;  are  noted  as  T.  1  K., 
T.  2  N.,  T.  1  S.,  Ac/ 

Each  Township  is  divided  into  86  Sec-  i; 

HOiTB,  each  1  mile  square,  aad  therefore 
containing,  "  as  nearly  as  may  be,"  640 

acres.     The  sections  in  each  Township  are  _ 

nvimbered,  as  in  the  mar^,  &om  1  to  S6, 
beginning  at  the  North-east  angle  of  the 
Township,  and  going  West  from  1  to  6, 
then  East  from  7  to  12,  and  so  on  alter- 
nately to  Section  36,  which  will  be  in  the  South-east  angle  of  the 
Township.     The  Sections  are  Bub-dirided  into  Qoarter^ectiona, 
half-a-mile  square,  and  containing  160  acres,  and  sometimea  into  half- 
qoarteivflectionA  of  80  acres,  and  qnarter-qaarter«ections  of  40  acres. 

By  this  beautiful  system,  the  smallest  subdivi^on  of  land  can  be 
at  once  designated ;  such  aa  the  North-eaat  quarter  of  Section  SI, 
in  Township  two  South,  in  range  two  East  of  Willamette  Meridian. 

(591)  DUncnllf.  "  The  law  requires  that  the  lines  of  the 
public  surreys  shall  be  goyemed  by  the  true  meridian,  and  that 
the  townshipe  shall  be  tix  mUet  tquare, — two  things  involving  in 
oonnection  a  mathematical  impoaubility — for,  strictly  to  conform 
to  the  meridian,  necessarily  throws  tlie  township  out  of  square,  by 
reason  of  t^  convergeaey  ofmerieUani;  hence,  adhering  to  the 
true  meridian  renders  it  necessary  to  depart  &om  the  strict  require* 
menta  of  law  as  reapecta  the  precise  area  of  townships,  and  the 
Bobdirifdonal  parts  thereof,  the  township  asstuning  something  of  a 
trapezoidal  form,  wluch  inequality  developea  itself,  more  and  more 
as  such,  the  higher  the  latitude  of  the  surreys,  la  view  of  diesa 
circumstances,  the  law  provides  that  the  sections  of  a  mile.8qaaro 
shall  conttun  the  quantity  of  640  acres,  ai  nearly  at  may  be  ;  and, 
moreover,  provides  that  '  In  all  eases  where  the  exterior  lines  of 
the  townships,  thus  to  be  subdivided  into  sections  or  half-sections, 
ahall  exceed,  or  shall  not  extend,  six  miles,  the  excess  or  defimnoy 
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lhall  be  speciallj  noted^  and  added  to  or  deducted  from  the  western 
or  narihem  ranges  of  sectiona  or  halfflections  in  such  township, 
according  as  the  error  may  be  in  ronning  the  lines  from  east  to 
west,  or  from  south  to  north/  " 

^^  In  order  to  throw  the  excesses  or  deficiencies,  as  the  case  may 
be,  on  the  north  and  on  the  west  sides  of  a  township,  according  to 
law,  it  is  necessary  to  survey  the  section  lines  from  south  to  north 
on  a  true  meridian,  leaving  the  result  in  the  northern  line  of  the 
township  to  be  goyemed  by  the  convexity  of  the  earth  and  the 
convergency  of  meridians." 

Thus,  suppose  the  land  to  be  surveyed  lies  between  46^  and  47^ 
of  North  Latitude.  The  length  of  a  degree  of  Longitude  in  Lat. 
46^  N.  is  taken  as  48.0705  statute  miles,  and  in  Lat.  47"^  N.  sa 
47.1944.  The  difference,  or  convergency  per  square  degree  = 
0.8761  s  70.08  chains.  The  convergency  per  Range  (8  per 
degree  of  Longitude)  equals  one-ei^tii  of  tins,  or  8.76  chains ; 
and  per  Township  (11 J  per  degree  of  Latitude)  equals  the  above 
divided  by  llj^,  i.  e.  0.76  chain.  We  therefore  know  that  the 
width  of  the  Townships  along  their  Northern  line  is  76  links  less 
than  on  their  Southern  line.  The  townships  North  of  the  base  line 
therefore  become  narrower  and  narrower  than  the  six  mile  width 
with  which  they  start^  by  that  amount ;  and  those  South  of  it  as 
much  wider  than  six  miles. 

^^  Standard  Parallels  (usually  called  correction  lines^j  are 
established  at  stated  intervals  (24  or  80  miles)  to  provide  for  or 
counteract  the  error  that  otherwise  would  result  from  the  conver- 
gency of  meridians ;  and,  because  the  public  surveys  have  to  be 
governed  by  the  true  meridian,  such  lines  serve  also  to  arrest  error 
arismg  fit)m  inaccuracies  in  measurements.  Such  lines,  when  lying 
north  of  the  principal  base,  themselves  constitute  a  biue  to  the  sur* 
veys  on  the  north  of  them ;  and  where  lying  south  of  the  prin- 
cipal base,  they  constitute  the  base  for  the  surveys  south  of  them." 

The  convergency  or  divergency  above  noticed  is  taken  up  on 
these  Correction  lines,  from  which  the  townships  start  again  with 
tiieir  proper  widths.  On  these  therefore  there  are  found  Double 
Comers^  both  for  Townships  and  Sections,  one  set  being  tiie 
Closing  Comers  of  the  surveys  ending  there,  and  the  other  set 
the  Standard  Comers  for  the  surveys  starting  there. 
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(S6t)  Kiuilir  T^wnsklp  Ifies*  *'  The  principal  meridian,  the 
base  line,  and  the  standard  parallels  having  been  first  astronomi- 
callj  run,  measured,  and  marked,  according  to  instructions,  on  true 
meridians,  and  true  parallels  of  latitude,  die  process  of  running, 
measuring,  and  marking  the  exterior  lines  of  townships  will  be  as 
follows. 

limmshipi  situated  north  of  the  ba$e  Unej  and  west  of  the 
principal  meridian^  Commence  at  No.  1,  being  the  southwest 
comer  of  T.  1  N. — R.  1  W.,  as  established  on  the  base  line; 
thence  run  narthj  on  a  true  meridian  line,  four  hundred  and  eighty 
chains,  establishing  the  mile  and  half-mile  comers  thereon,  as  per 
instmctions,  to  No.  2,  (the  northwest  comer  of  the  same  township), 
whereat  establish  the  comer  of  Tps.  1  and  2  N. — Bs.  1  and  2 
W. ;  ihence  east,  on  a  random  or  tnal  line,  setting  temporary  mile 
and  half-mSe  stakes  to  No.  8,  (the  northeast  comer  of  the  same 
township),  where  measure  and  note  the  distance  at  which  the 
line  intersects  the  eastern  boundary,  north  or  south  of  the  tnie 
or  established  comer.  Run  and  measure  westward,  on  the  trae 
line,  (taking  care  to  note  all  the  land  and  water  crossings,  &c.,  as 
per  instmctions),  to  No.  4,  which  is  identical  with  No.  2,  establish* 
ing  the  mile  and  half-mile  permanent  corners  on  said  line,  the 
last  half-mile  of  which  will  fall  short  of  being  forty  chains,  by  about 
the  amount  of  the  calculated  convergency  per  township,  76  links 
in  the  case  above  supposed.  Should  it  ever  happen,  however,  that 
such  random  line  materially  falls  short,  or  overruns  in  length,  or 
intersects  the  eastem  boundary  of  the  township  at  any  considerable 
distance  from  the  true  comer  thereon,  (either  of  which  would  indi- 
cate an  important  error  in  the  surveying),  the  lines  must  be  retraced, 
even  if  found  necessary  to  remeasure  the  meridional  boundaries  of 
the  township  (especially  the  western  boundary),  so  as  to  discover 
and  correct  the  error ;  in  doing  which,  the  true  comers  must  be 
established  and  marked,  and  the  false  ones  destroyed  and  oblite- 
rated, to  prevent  confusion  in  future ;  and  all  the  facts  must  be 
distinctly  set  forth  in  the  notes.  Thence  proceed  in  a  similai 
manner  north,  from  No.  4  to  No.  6,  (the  N.  W.  comer  of  T.  2  N. 
— ^R.  1  W.),  east  fipom  No.  6  to  No.  6,  (the  N.  E.  comer  of  the 
same  township),  west  from  No.  6  to  No.  7,  (the  same  as  No.  5), 
north  from  No.  7  to  No.  8,  (the  N.  W.  comer  of  T.  8  N.,  R.  1 W.), 
east  from  No.  8  to  N<i.  9,  (the  N.  E.  comer  of  same  tovmship),  and 
thence  west  to  No.  10,  (the  same  as  No.  8),  or  the  southwest  comer 
T.  4  N. — ^R.  1  W.  Thence  north,  still  on  a  tme  meridian  line, 
establishing  the  mile  and  half-mile  comers,  until  reaching  the 
STANDARD  PAR4LLSL  Or  Correction  line,  (which  is  here  four  town- 

•  The  Surveyor  shoald  prepare  a  diagram  of  the  townships,  with  the  uamben 
bere  referred  to,  iu  their  proper  places,  as  here  indicated 
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ships  north  of  the  base  line);  throwing  the  excess  over,  or  deficiency 
under,  four  hundred  and  eighty  chains^  on  the  last  half-mile, 
accordmg  to  law,  and  at  the  intersection  establishing  the  ^'  closing 
CORNER,"  the  distance  of  which  from  the  standard  comer  must  be 
measured  and  noted  as  required  by  the  instiructions.  But  should 
it  ever  so  happen  that  some  impassable  barrier  will  have  prevented 
or  delayed  the  extension  of  the  standard  parallel  along  and  above 
the  field  of  present  survey,  then  the  surveyor  will  plant,  in  place, 
the  comer  for  the  township,  subject  to  correction  thereafter,  should 
such  parallel  be  extended. 

Townships  situated  north  of  the  base  line^  and  east  of  tJie 
principal  meridian.  Commence  at  No.  1,  being  the  soiOheast 
comer  of  T.  1  N. — B.  1  E.,  and  proceed  as  with  townships  situa* 
ted  ^^  north  and  west,"  except  that  the  random  or  trial  lines  will  be 
run  aad  measured  west^  and  the  true  lines,  east,  throwing  the 
excess  over  or  deficiency  under  four  hundred  and  eighty  chains  on 
the  west  end  of  the  line,  as  required  by  law ;  wherefore,  the  sur- 
veyor will  commence  his  measurement  with  the  length  of  the  defi- 
cient or  excessive  half-section  boundary  on  the  west  of  the  town- 
ship, and  thus  the  remaining  measurements  will  all  be  even  miles 
and  half-miles. 

Ibvmships  situated  south  of  the  base  line,  and  west  of  the 
principal  meridian.  Commence  at  No.  1,  the  northwest  comer 
of  township  1  S.,  range  1  W*,  and  proceed  due  south  in  running 
and  measuring  line,  establishing  and  marking  the  mile,  half-mile, 
and  townsUp  comers  thereon,  precisely  in  the  method  prescribed 
for  mnning  north  and  west,  with  the  exception  that,  in  order 
to  throw  the  excess  or  deficiency  (over  or  under  four  hundred  and 
eighty  chains)  of  the  western  boundaries  of  such  of  those  townships 
as  close  on  the  standard  parallel  on  the  south,  upon  the  most 
northern  half -mile  of  the  townships,  according  to  law,  the  proceed- 
bg  will  be  as  follows. 

The  western  (meridional)  boundary  line  of  every  township, 
dosing  on  the  standard  parallelj  (being  every  Jjfth  one  in  this 
case),  will  be  carefully  nm  south,  on  a  tme  meridian,  until  it  uiter> 
sects  the  standard,  planting  stakes  and  making  distinctive  mai'ks 
on  line  trees,  in  sufScient  number  to  serve  as  guides  in  afterwards 
retracing  the  line  north  with  ease  and  certainty.  At  the  point  of 
the  line's  intersection  of  the  standard,  the  surveyor  will  establish 
the  ''  closing*'*  (southwest)  comer  of  the  township,  noting  in  his 
field-book  its  distance  and  direction  from  the  ^^  standard  comer." 
Then  starting  from  such  <^  closing  comer,"  he  will  proceed  north 
on  the  line  identified  by  the  guide  stakes  and  marks,  measuring 
such  line,  and  establishing  thereon  the  mile  and  hc^-miU  stataonsi 
and  notmg,  as  he  goes,  aU  the  land  and  water  crossings,  &;c. 
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Ibumships  rituated  south  of  the  b€Lie  line^  and  east  qf  the 
principal  meridian.  Commence  at  No.  1,  at  the  ii<»rthea8t  comer 
of  township  1  S.,  range  1  E.,  and  proceed  precisely  as  with  the 
townships  sitoated  ^^  south  and  west/'  except  that  the  random 
lines  will  be  run  and  measured  westj  and  the  true  lines  east;  the 
deficiency  or  excess  of  the  measurements  being,  as  in  all  other 
cases,  thrown  upon  the  most  western  half-mile  of  line." 

iStS)  Ruuilllir  8eett«H  lines*  The  interior  or  sectional  lines 
of  all  townships,  however  situated  in  reference  to  the  Base  and 
Meridian  Imes,  are  laid  off  and  surveyed  as  belowv 
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In  the^  abore  Diagram,  tiie  squares  and  large  figures  repro* 
sent  sections,  and  the  sinall  figures  at  their  comers  ar«  those 
referred  to  in  the  follomng  directions. 

"  Commence  at  No.  1,  (see  small  figures  on  diagram),  tiie  cor- 
ner established  on  the  township  boundary  for  sections  1, 2, 85,  and 
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86 ;  ihence  run  north  on  a  true  meridian ;  at  40  chains  setting 
the  half-mile  or  quarter-section  post,  and  at  80  chains  (No.  2) 
establishing  and  marking  the  comer  of  sections  25«  26, 35,  and  36. 
Thence  east,  on  a  random  line,  to  No.  3,  setting  the  temporary 
quarter-Bection  post  at  40  chains,  noting  the  measurement  to  No.  8, 
and  the  measured  distance  of  the  random's  intersection  north  ca 
$otUh  of  the  true  or  established  comer  of  sections  25,  36,  30,  and 
81,  on  the  township  boundary.  Thence  correctj  west,  on  the  tru4 
line  to  No.  4,  setting  the  quarter^ection  post  on  this  line  exactly 
at  the  eqvidUtant  point,  now  known,  between  the  section  comers 
indicated  by  the  small  figures  Nos.  3  and  4.  Proceed,  in  like 
manner,  from  No.  4  to  No.  5,  5  to  6,  6  to  7,  and  so  on  to  No.  16, 
the  comer  to  sections  1,  2, 11,  and  12.  Thence  north,  on  a  ran- 
dom line,  to  No.  17,  settmg  a  temporary  quarter-section  post  at  40 
chains,  noting  the  length  of  the  whole  line,  and  the  measured  dis- 
tance of  the  random's  intersection  east  or  west  of  the  tme  comer 
of  sections  1,  2, 35,  and  36,  established  on  the  to^^nship  boundary , 
thence  southwardly  from  the  latter,  on  a  tme  line,  noting  tibe 
course  and  distance  to  No  18,  the  established  comer  to  sections 
1,  2,  11,  and  12,  taking  care  to  establish  the  quarter-section 
.  comer  on  the  tme  line,  at  the  distance  of  40  chains  from  said  sec- 
tion comer,  so  as  to  throw  the  excess  or  defidericy  on  the  northom 
half-nule,  according  to  law.  Proceed  in  like  manner  through  all 
the  intervening  tiers  of  sections  to  No.  73,  the  comer  to  sections 
31,  32,  5,  and  6 ;  thence  north,  on  a  true  meridian  hue,  to  No. 
74,  establishing  the  quarter-section  corner  at  40  chains,  and  at  80 
chains  the  comer  to  sections  29,  30,  31,  and  82 ;  thence  east,  on 
a  random  line  to  No.  75,  setting  a  temporary  quarter-section  post 
at  40  chains,  noting  the  measurement  to  No.  75,  and  the  distance 
of  the  random's  intersection  Tiorth  or  sovih  of  the  established  comer 
of  sections  28,  29,  32,  and  33  ;  thence  west  from  said  comer,  on 
the  tme  line,  setting  the  quarter-section  post  at  the  equidistant 
pomt,  to  No.  76,  which  is  identical  with  74 ;  thence  west,  on  a 
random  line,  to  No.  77,  setting  a  temporary  quarter-section  post 
at  40  chains,  noting  the  measurement  to  No.  77,  and  the  distance 
of  the  random's  intersection  with  the  westem  boundary,  north  oi 
south  of  the  established  comer  of  sections  25, 36, 30,  and  31 ;  and 
from  No.- 77,  correct,  eastward,  on  the  tme  line,  giving  its  course, 
but  establishing  the  quarter-section  post,  on  this  line,  so  as  to 
retain  the  distance  of  40  chains  from  the  comer  of  sections  29, 
30,  31,  and  32 ;  thereby  throwing  the  excess  or  deficiency  of  mea- 
surement on  the  most  westem  half-mile.  Proceed  north,  in  a  simi- 
bur  manner,  from  No.  78  to  79,  79  to  80,  80  to  81,  and  so  on  to 
96,  the  south-east  comer  of  section  6,  where  having  established  the 
eomer  for  sections,  5,  6,  7,  and  8,  run  thence,  successively,  30 
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random  line  eiut  to  95,  north  to  97,  and  west  to  99 ;  and  bj 
reverse  courses  correct  on  true  lines  back  to  said  south-east  comer 
of  section  6,  establishing  the  quarter-section  comers,  and  noting 
the  courses,  distances,  &;c.,  as  before  described. 

In  townships  contiguous  to  standard  parallels,  fche  above  method 
irill  be  varied  as  follows.  In  everj  township  south  of  the  princi- 
pal  base  line,  which  closes  on  a  standard  parallel,  the  surveyor  will 
begin  at  the  soitthreast  comer  of  the  township,  and  measure  toest  on 
the  standard,  establishing  thereon  the  mile  and  half-mile  comers, 
and  noting  their  distances  from  the  pre-estAblished  comers.  He 
then  will  proceed  to  subdivide,  as  directed  under  the  above  head. 

In  the  townships  NORxa  of  the  principal  base  line,  which  dose 
on  the  standard  parallel,  the  sectional  lines  must  be  closed  on  the 
standard  bj  true  meridians,  instead  of  by  course  lines,  as  directed 
under  the  above  head  for  townships  otherwise  situated ;  and  the 
conne^dons  of  the  closing  comers  with  the  pre-established  standard 
comers  are  to  be  ascertained  and  noted.  Such  procedure  does 
away  with  any  necessity  for  running  the  randoms.  But  in  case 
he  is  unable  to  close  the  lines  on  account  of  the  standard  not  hav- 
bg  been  mn,  from  some  inevitable  necessity,  as  heretofore  men« 
tiond,  he  will  plant  a  temporary  stake,  or  mound,  at  the  end  of  the 
sixth  mile,  thus  leaving  the  lines  and  their  connexions  to  be  finished, 
and  the  permanent  comers  to  be  planted,  at  such  time  as  the 
standard  shall  be  extended." 

(564)  Exceptional  meOlods*  Departures  from  the  general  sys- 
tem of  subdividing  public  lands  have  been  authorized  by  law  in 
certain  cases,  particularly  on  water-fronts. 

Thus,  an  act  of  Congress,  March  8, 1811,  authorized  the  sur- 
veyors of  Lousiana,  ^'  in  surveying  and  dividing  such  of  the  pub« 
lie  lands  in  the  said  territory,  which  are  or  may  be  authorized 
to  be  surveyed  and  divided,  as  are  adjacent  to  any  river,  lake, 
creek,  bayou,  or  water  course,  to  lay  out  the  same  into  tracts,  as 
far  as  practicable,  of  fifty-eight  poles  in  front,  and  four  hundred 
and  sixty-five  poles  in  depth,  of  such  ^ape,  and  bounded  by  such 
lines,  as  the  nature  of  the  country  will  render  practicable  and  most 
convenient."  Another  act,  of  May  24,  1824,  authorizes  lands 
similarly  situated  ^'  to  be  surveyed  in  tracts  of  two  acres  in  width, 
fronting  on  any  river,  bayou,  lake,  or  water  course,  and  running 
back  the  depth  of  forty  acres ;  which  tracts  of  land,  so  surveyed, 
ihall  be  offered  for  sale  entire,  instead  of  in  half-quarter-sections." 

The  "  Instructions"  from  which  we  have  quoted  say,  "  In  those 
localities  where  it  would  best  subserve  the  interests  of  the  people 
to  have  fronts  on  the  navigable  streams,  and  to  run  back  into  tht 
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aplands  for  quantity  and  timber,  the  principles  of  the  act  of  May 
24th,  1824,  may  be  adopted,  and  you  are  authorized  to  enlarge  tho 
quantity,  so  as  to  embrace  four  acres  front  by  forty  m  depth,  form 
tng  tracts  of  one  hundred  and  sixty  acres.  ]But  in  so  doing  it  is 
designed  only  to  survey  the  lines  between  every  four  hU^  (or  640 
acres),  but  to  establish  the  boundary  posts,  or  mounds,  in  front 
and  m  rear^  at  the  distances  requisite  to  secure  the  quantity  of  160 
acres  to  each  lot,  either  rectangularly,  T?hen  practicable,  or  at 
oblique  angles,  when  otherwise.  The  angle  is  not  important,  so 
that  the  principle  be  mmtained,  as  far  as  practicable,  of  making 
the  work  to  square  in  the  rear  with  the  regular  sectioning. 

The  numbering  of  all  anomalous  lots  will  commence  with  No.  37, 
to  avoid  the  possibility  of  conflict  with  the  numbering  of  the  regular 
8ectk>ns.'' 

The  act  of  Sept.  27, 1850,  authorized  the  Department,  should 

it  deem  expedient,  to  cause  the  Oregon  surveys  to  be  executed 

according  to  the  principles  of  what  is  called  the  "Geodetic  Method." 

The  complete  adoption  of  this  has  not  been  thought  to  be 
expedient ;  but  "  it  was  deemed  useful  to  institute  on  the  principal 
base  and  meridian  lines  of  the  public  surveys  in  Oregon,  ordered 
to  be  established  by  the  act  referred  to,  a  system  of  triangulations 
from  the  recognized  legal  stations,  to  all  prominent  objects  within 
the  range  of  the  theodolite ;  by  means  of  which  the  relative  dis- 
tances of  such  objects,  in  respect  to  those  main  lines,  and  also  to 
each  other,  might  be  observed,  calculated,  and  protracted,  with 
the  view  of  contributing  to  the  Imowledge  of  the  topography  of  the 
country  in  advance  of  tiie  progressmg  linear  surveys,  and  to  obtain 
the  elements  for  estimating  areas  of  valleys  intervenmg  between 
the  spurs  of  the  mountains." 

"  Meandering"  is  a  name  given  to  the  usual  mode  of  surveying 

with  the  compass,  particularly  as  applied  to  navigable  streams. 

The  "  Instructions"  for  this  are,  in  part,  as  follows. 

^^  Both  banks  of  navigable  rivers  are  to  be  meandered  by  taking 
the  courses  and  distances  of  their  sinuosities,  and  the  same  are  to 
be  entered  m  the  ^Meander  field-book.'  At  those  points  where 
either  the  township  or  section  lines  intersect  the  banks  of  a  navi- 
gable stream,  posts,  or,  where  necessary,  mounds  of  earth  or  itonej 
(as  noted  in  Art.  (5M,))  are  to  be  established  at  the  time  of 
running  these  lines.  These  are  called  ^^  meander  comers ;"  and 
in  meandering  you  are  to  commence  at  one  of  those  comers  on  the 
x>wnship  line,  coursing  the  banks,  and  measuring  the  distance  of 
wch  course  from  your  commencing  comer  to  the  next  ^  meandci 
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corner,'  upon  the  same  or  another  boundary  of  the  same  township ; 
carefuUj  noting  jour  intersection  with  all  intermediate  meander 
comers.  By  the  same  method  you  are  to  meander  the  opporite 
bank  of  the  same  river. 

The  crossing  distance  between  the  mbaitoeb  oornebs,  on  saxM 
line,  is  to  be  ascertfuned  by  triangulation,  in  order  that  the  riTer 
may  be  protracted  with  entire  accuracy.  The  particulars  to  bo 
given  in  the  field-notes. 

The  courses  and  distances  on  meandered  navigable  streams, 
govern  the  calculations  wherefrom  are  ascertained  the  true  areaa 
of  the  tracts  of  land  (sections,  quarter  sections,  &c.)  kno?m  to  the 
law  2A  fractional  J  and  bounding  on  such  streams." 

You  are  also  to  meander,  in  manner  aforesaid,  all  lakes  and 
deep  ponds  of  the  area  of  twenty-five  acres  and  upwards ;  also 
navigable  bayous. 

The  precise  relative  position  of  islands,  in  a  township  made 
fractional  by  the  river  in  which  the  same  are  situated,  is  to  be 
determined  trigonometrically.  Sighting  to  a  flag  or  other  fixed 
object  on  the  island,  from  a  special  and  carefully  measured  base 
line,  connected  with  the  surveyed  lines,  on  or  near  the  river  bank, 
you  are  to  form  connexion  between  the  meander  comers  on  the 
river  to  points  corresponding  thereto,  in  direct  line,  on  the  bank 
of  the  island,  and  there  establish  the  proper  meander  corners,  and 
calculate  the  distance  across.'' 

(565)  ftlarking  LineSt  ^^AU  lines  on  which  are  to  be  estab- 
lished the  legal  comer  boundaries,  are  to  be  marked  after  this 
method,  viz:  Those  trees  which  may  intercept  your  line,  must 
have  two  chops  or  notches  cut  on  each  side  of  them  without  any 
other  marks  whatever.  These  are  called  ^  9ight  tree%^  or '  line  trees,^ 

A  sufficient  number  of  other  trees  standing  nearest  to  your  line, 
on  either  side  of  it,  are  to  be  blazed  on  two  sides,  diagonailj  or 
quartering  towards  the  line,  in  order  to  render  the  line  conspicu- 
ous, and  readily  to  be  traced,  the  blazes  to  be  opposite  each  other, 
coinciding  in  direction  with  the  line  where  the  trees  stand  very 
near  it,  and  to  approach  nearer  each  other,  the  further  the  line 

E asses  from  the  blazed  trees.     Due  care  must  ever  be  taken  to 
ave  the  lines  so  well  marked  as  to  be  readily  foUowed." 

(566)  Mariilng  Corners*  ^'  After  a  tme  coursing,  and  most 
exact  measurements,  the  comer  boundary  is  the  consummation  of 
the  work,  for  which  all  the  previous  pains  and  expenditure  have 
been  incurred.  A  boundary  comer,  in  a  timbered  country.  Is  to 
be  a  tree^  if  one  be  found  at  the  precise  spot ;  and  if  not,  a  potit  is 
to  be  planted  thereat ;  and  the  position  of  the  comer  post  is  to  be 
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indicated  by  trees  adjacent,  (called  Beannj  trees)  the  angular 
bearings  and  distances  of  which  from  the  comer  are  facts  to  be 
ascertained  and  registered  in  your  field  book. 

In  a  region  where  stone  abounds,  the  corner  boundary  will  be  a 
small  monmMfnt  of  stones  along  side  of  a  single  marked  stone,  for 
a  township  comer — and  a  single  stone  for  all  other  comers. 

In  a  re^on  where  timber  is  not  near,  nor  stone,  the  comer  will 
be  a  movnd  of  earth,  of  prescribed  size,  varying  to  suit  the  case. 

Comers  are  to  be  fixed,  for  township  boundaries  at  intervals  of 
every  six  miles ;  for  section  boundaries  at  intervals  of  every  mile, 
or  80  chains ;  and,  for  quarter  section  boundaries  at  intervals  of 
every  half  mile,  or  40  chains. 

IkUSANDER  GoRNER  PosTB  are  to  be  planted  at  all  those  points 
where  the  township  or  section  lines  intersect  the  banks  of  such 
rivers,  lakes,  or  islands,  as  are  by  law  directed  to  be  meandered," 
as  explained  in  Art.  (564)  • 

When  posts  are  used,  their  lengtn  and  size  must  be  propor- 
tioned to  the  importance  of  the  comer,  whether  township,  section, 
or  quarter-section,  the  first  being  at  least  24  inches  above  ground, 
and  8  inches  square. 

Where  a  township  post  is  a  comer  common  to  four  townships, 

N 

it  is  to  be  set  in  the  earth  diagonally ,  thus :  w^b,  and  the  cardi- 

8 

nal  points  of  the  compaiss  are  to  be  indicated  thereon  by  a  cross 
line,  or  wedge,  (one-eighth  of  an  inch  deep  at  least),  cut  or  sawed 
out  of  its  top,  as  in  the  figure.  On  each  surface  of  the  post  \&  to 
be  marked  the  number  of  the  particular  township,  and  its  range, 
which  it  faces.  Thus,  if  the  post  be  a  common  boundary  to  four 
townships,  say  one  and  two,  south  of  the  base  line,  of  range  one, 
west  of  the  meridian ;  also  to  townships  one  and  two,  south  of  the 
base  line,  of  range  two,  west  of  the  meridian,  it  is  to  be  marked  thus : 

The  position  of  the  post  which 
18  here  taken  as  an  example,  ib 
shewn  in  the  following  diagram. 


From  N.  tc  E. 
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These  marks  are  to  be  distinctly  and  neatly  chiselled  into  th« 
irood,  at  least  the  eighth  of  an  inch  deep ;  and  to  be  also  marked 
with  red  ehcdk.  The  number  of  the  sections  which  they  respec- 
tively/o^e,  will  also  be  marked  on  the  township  post. 

Section  or  mile  posts,  being  comers  of  sections,  when  they  are 
common  to  four  sections,  are  to  be  set  diagonally  in  the  earth, 
(in  the  manner  provided  for  township  comer  posts),  and  with  a 
similar  cross  cat  in  the  top,  to  indicate  the  cardinal  points  of  the 
compass;  and  on  oach  side  of  the  squared  surfaces  is  to  be  marked 
the  appropriate  number  of  the  particular  one  of  the /our  sections^ 
respectively,  which  such  ^idiQ  faces;  also  on  one  side  thereof  are  to 
be  marked  the  numbers  of  its  tovmsMp  and  range ;  and  to  make 
such  marks  yet  more  conspicuous,  (in  manner  aforesaid),  a  streak 
of  red  chalk  is  to  be  applied. 

In  the  case  of  an  isolated  township,  subdivided  into  thirty-six 
sections,  there  are  twenty-five  interior  sections,  the  south-west  cor- 
ner boundary  of  each  of  which  will  be  common  to  four  sections. 
On  all  the  extreme  sides  of  an  isolated  township,  the  outer  tiers  of 
sections  have  comers  common  only  to  two  sections  then  surveyed. 
The  posts,  however,  must  be  planted  precisely  like  the  former,  but 
presenting  two  vacant  surfaces  to  receive  tiie  appropriate  marks 
when  the  adjacent  survey  may  be  made. 

A  quarter-section  or  half-mile  post  is  to  have  no  other  mark  on 
it  than  |  S.,  to  indicate  what  it  stands  for. 

Township  comer  posts  are  to  be  notched  with  six  notches  on 
each  of  the  four  angles  of  the  squared  part  set  to  the  cardinal 
points. 

All  mile  posfcs  on  tovmsMp  lines  must  have  as  many  notches  on 
them,  on  two  opposite  angles  thereof,  as  they  are  miles  distant 
from  the  township  comers,  respectively.  Each  of  the  posts  at  the 
comers  of  sections  in  the  interior  of  a  township  must  indicate,  by 
a  number  of  notches  on  each  of  its  four  comers  directed  to  the 
cardinal  points,  the  corresponding  number  of  miles  that  it  stands 
from  the  oiMines  of  the  township.  The  four  sides  of  the  post  will 
indicate  the  number  of  the  section  they  respectively /acr^.  Should 
a  tree  be  found  at  the  place  of  any  comer,  it  will  be  marked  and 
notched,  as  aforesaid,  and  answer  for  the  comer  in  lieu  of  a  post; 
the  kind  of  tree  and  its  diameter  being  given  in  the  field-notes. 

The  position  of  all  comer  posts,  or  corner  trees  of  whatever 
description,  which  may  be  established,  is  to  be  perpetuated  in  the 
following  manner,  viz :  From  such  post  or  tree  the  courses  shall  be 
taken,  and  the  distances  measured,  to  two  or  more  adjacent  trees, 
m  opposite  directions,  as  nearly  as  may  be,  which  are  called 
*  Bearing  trees^  and  are  to  be  blazed  near  the  ground,  with  a  large 
blaze  facing  the  post,  and  having  one  notch  in  it,  neatly  and  plainly 
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made  with  an  axe,  square  across,  and  a  little  below  the  middle  oi 
ihe  blaze.  The  kind  of  tree  and  the  diameter  of  each  are  facts  to 
be  distinctly  set  forth  in  the  field-book. 

On  each  bearing  tree  the  letters  B.  T.,  must  be  distinctly  cut 
into  the  wood,  in  the  blaze,  a  little  above  the  notch,  or  on  tlie  bark, 
with  the  number  of  the  range,  township,  and  section. 

At  all  township  comers,  and  at  all  section  comers,  on  range  or 
township  lines, /our  bearing  trees  are  to  be  marked  in  this  manner^ 
one  in  each  of  the  adjoining  sections. 

At  interior  section  comers  four  trees,  one  to  stand  within  each 
of  the  four  sections  to  which  such  comer  is  common,  are  to  be 
marked  in  manner  aforesaid,  if  such  be  found. 

From  quarter  section  and  meander  comers  two  bearing  trees 
are  to  be  marked,  one  within  each  of  the  adjoinmg  sections. 

Stones  at  township  comers  (a  small  monument  of  scones  being 
alongside  thereof)  must  have  %\x  notches  cut  with  a  pick  or  chisel 
on  each  edge  or  side  towards  the  cardinal  points ;  and  where  used 
as  section  comers  on  the  range  and  township  lines,  or  as  section 
comers  in  the  interior  of  a  township,  they  will  also  be  notched  by 
a  pick  or  chisel,  to  correspond  with  the  directions  given  for  notch- 
ing poets  similarly  situated. 

Stones,  when  used  as  quarter-sec  cion  comers,  will  have  \  cut 
on  them ;  on  the  west  side  on  north  and  south  lines,  and  on  the 
north  side  on  east  and  west  lines. 

Whenever  bearing  trees  are  not  found,  mounds  of  earth,  or 
stone,  are  to  be  raised  around  posts  on  wluch  the  comers  are  to 
be  marked  in  the  manner  aforesaid.  Wherever  a  mound  of  earth 
is  adopted,  the  same  will  present  a  conical  shape ;  but  at  its  base, 
on  the  earth's  surface,  a  quadrangular  trench  will  be  dug;  a  spade 
deqp  of  earth  being  thrown  up  from  the  four  sides  of  the  line,  out- 
side the  trench,  so  as  to  form  a  contmuou^  elevation  along  its  outer 
edge.  In  mounds  of  earth,  common  to /our  townships  or  \ofout 
sections,  they  will  present  the  angles  of  the  quadrangular  trench 
(diagoTially)  towards  the  cardinsJ  points.  In  mounds  common 
only  to  two  townships  or  two  sections,  the  sides  of  the  quadrangular 
trench  wHHface  the  cardinal  points. 

Prior  to  piling  up  the  earth  to  constract  a  mound,  in  a  cavity 
formed  at  the  comer  boundary  point  is  to  be  deposited  a  stone^  or 
a  portion  of  ehareoal^  or  a  charred  stake  is  to  be  driven  twelve 
inches  down  into  such  centre  point,  to  be  a  untness  for  the  future. 

The  surveyor  is  farther  specially  enjoined  to  plant  midway 
between  each  pit  and  the  trench,  seeds  of  some  tree,  those  of  fruit 
trees  adapted  to  the  climate  being  always  to  be  preferred. 

Double  corners  are  to  be  found  nowhere  except  on  the  Standard 
Parallels  or  Correction  lines,  whereon  are  to  appear  both  the  cor 
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ners  whicli  mark  the  intersectiona  of  the  lines  which  close  thereon, 
and  those  from  which  the  sorvoTS  start  in  the  opposite  direction. 

The  comers  which  are  established  on  the  standard  parallel,  at 
the  time  of  running  it,  are  to  be  known  as  ^  Standard  Comers,^ 
and,  in  addition  to  all  the  ordinary  marks,  (as  herein  prescribed), 
ihej  will  be  marked  with  the  letters  S.  G.  The  ^  chsing  comeri 
9?UI  be  marked  0.  C." 

(567)  Field  Books*  There  should  be  several  distinct  and  sepa* 
rate  field-books ;  viz. : 

^'  1.  Field-notes  of  the  mbbidian  and  basb  lines,  showing  the 
establishment  of  the  townsMpj  seetian  or  mile,  and  quarter-section 
or  half-mile,  boundary  comers  thereon;  with  the  crossings  of 
streams,  ravines,  hills,  and  mountains ;  character  of  soil,  timber, 
minerals,  &c.  These  notes  will  be  arranged,  in  series,  by  mile 
etations^  from  number  one  to  number . 

2.  Field-notes  of  the  ^standard  parallels,  or  correction 
lines,'  showing  the  establishment  of  the  township,  section,  and 
quarter-section  comers,  besides  exhibiting  the  topography  of  the 
countiT  on  line,  as  required  on  the  base  and  meridian  lines. 

8.  ]Bleld-notes  of  the  bxtekior  lines  of  townships,  showing  the 
establishment  of  the  comers  on  line,  and  the  topography,  as  aforesaid. 

4.  Field  notes  of  the  subdivisions  of  townships  into  sections 
and  quarteivsections ;  at  the  close  whereof  will  follow  the  notes  of 
the  MEANDERS  of  navigable  streams.  These  notes  will  also  show, 
by  ocular  observation,  the  estimated  rise  and  fall  of  the  land  on 
the  line.  A  description  of  the  timber,  undergrowth,  surface,  soil, 
and  minerals,  upon  each  section  line,  is  to  follow  the  notes  thereof, 
and  not  to  be  mixed  up  with  them.^' 

5.  The  ^'  Geodetic  Field-book,"  comprising  all  triangulations, 
angles  of  elevation  and  depression,  levelling,  &c. 

The  examples  on  the  next  two  pages,  taken  from  the  ^'  Injttrnc- 
tions"  which  we  have  followed  throughout,  will  shew  what  ii 
required. 

The  ascents  and  descents  are  recorded  in  the  right-hand  colomna. 
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FIELD  NOTES  OF 


THE   EXTERIOR   LINES 


OF  AN  ISOLATED  TOWNSHIP. 


^^1  note*  of  the  Survey  of  township  25  norih,  of  range  2  wett,  of  the  IVillamstU 
'meridian,  in  the  TerrUor^  o/Oreooh,  by  Robert  Acres,  deputy  surveyor,  under  hu 
eonlrifcl  No.  I,  bearing  date  the  2d  day  of  January,  1851. 


dCb&    lk6.| 


c 


e 


E 

c 

"3 

e 

e 


t 

I 


fi 


6, 


•» 
I 

7 


En8t 


West 
40.00 


62.50 
80.00 


West 
40.00 


65.00 
80  00 


West. 
40.0C 


80.00 


Township  links  commenced  January  20,  1851. 

Souiberu  boundary  variation  18^  41'  E. 

On  a  random  line  on  the  soath  boundaries  of  sections  31,  32, 
33,  34,  35,  and  36.  Set  temporary  mile  and  half-mile  post*, 
and  intersected  the  eastern  boundary  2  chains  20  links  north 
of  the  true  comer  5  miles  74  chains  53  links. 

Therefore  the  correction  will  be  5  chains  47  links  W.  37.1 
links  8.  per  mile. 


Trdk  southern  bouhdabt  variation  18^  41'  E. 
On  the  southern  boundary  of  sec.  36,  Jan.  24,  1851. 
Set  qr.  sec.  post  from  which 

a  beech  24  in.  dia.  bears  N.  11  E.  38  Iks.  dist 

a    do       9      do         do    S.    9  E.  17      do 

a  brook  8L  wide,  course  NW 

Set  post  cor.  of  sees.  35  &  36,  1  &  2,  from  which 

a  oeech      9  in.  dia.  bears  S.  46  B.      8  1.  dist. 

a     do        8     do  do    S.  62  W.    7     do 

a  W.  oak  10    do         do    N.  19  W.  14     do 

a  B.  oak  14    do         do    N.  29  E.    16     do 
Land  level,'  part  wet  and  swampy ;   timber  beech,  oak,  ash, 

hickory,  &c.  


On  the  S.  boundary  of  sec.  35— 

Set  qr.  sec.  post,  with  trench,  from  which 

a  beech  6  iiu  dia.  bears  N.  80  E.  8  1.  dist. 

planted  SW.  a  yellow  locust  seed. 

To  beginning  of  hill ., 

Set  post,  with  trench,  cor.  of  sees.  34  &  35,  2  &  3,  from  wliicli 

a  beech  10  in.  dia.  bears  S.  51  E.  13  1.  dist. 
do      10    do         do    N.  56  W.  9    do 

planted  SW.  a  white  oak  acorn, 
NE.  a  beech  nut. 
Land  level,  rich,  and  good  for  farming;  timber  same. 


On  the  8.  boundary  of  sec.  34— > 

Set  qr.  sec.  post,  with  trench,  from  which 

a  B.  oak  10  in.  dia.  bears  N.  2  E.  635  1.  dist 

Planted  SW.  a  beech  nut. 
To  corner  of  sections  33,  34,  3  and  4,  drove  charred  stakec 

raised  mound  with  trench  as  per  instructions,  and 

Planted  NB.  a  W.  oak  ac*n ;  NW.  a  yeL  locust  seed. 
SB.  a  butternut ;  SW.  a  beech  nut 
Land  level,  rich  and  good  for  farming,  some  scattering  oak 

and  walnut. 


a  10 


dl9 
a    5 


a  10 


a   5 
•  20 


10 


&c,        &c. 


m0 


&c 
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PARV  XU. 


FIELD  NOTES  OF  THE 


SUBDIVISIONAL  OR  SECTIONAL  LINES, 


AND   MEANDERS. 


TowntJUp  25  N.,  Range  2  PT.,  WUlameUe  Mer. 


lObs.  Iks. 

North. 
9.19 
29.97 
40.00 


E 

o 


51.90 
76.73 
80.00 


East 
9.00 
15.00 
40.00 
55.00 
72.00 
80.00 


SaBDiYiiioNS.    Oommenoed  February  1,  1851. 
BetweeD  Bees.  35  aud  36-~ 

A  beech  30  in.  dia 

A  beech  30  id.  dia. • : ■ 

Set  qr.  sec  post,  from  which 

a  beech  15  in.  dia.  bears  8.  48  E.  12  1.  dist. 

a    do       8     do        do    N.  23  W.  45    do 

A  beech  18  in.  dia. 

A  sugar  30  in.  dia. 

Set  a  post  cor.  of  sees.  25,  26,  35,  36,  from  which 

a  beech  24  in.  dia.  bears  N.  62  W.  17  1.  dist 

a  poplar  36    do         do     S.  66  E.   34    do. 

a     do    ;^0     do         do     S.  70  W.  50     do. 

a  beech  28    do         do     N.  60  E.   45    do. 
Land  level,  second  rate;   timber  beech,  poplar,  sugar,  and 

und'gr.  spice,  &c. 


On  random  line  between  sees.  25  a.ad  36 — 

A  brook  30  1.  wide,  course  N 

To  foot  of  hill 

Set  temporary  qr.  sec.  post 

To  opposite  foot  of  hill 

A  brook  15  1.  wide,  course  N 

Intersect  E.  boundary  at  post 

Land  level,  second  rate ;  timber,  beech,  oak,  nsh,  &c. 


&c.^        &c., 


&r. 


FeeU 


^10 

d    5 
d    5 


d 
d 
d 


5 

8 
2 


d  10 
d  10 
a  60 
diO 
d20 
a  10 


Meanders  of  Chickeeles  River. 

Detuning  at  a  meander  post  in  the  northern  township  boundary,  and  thonce  oi 
the  left  bank  down  stream.     Commenced  February  11,  1851. 


Courses. 


8.  76  W. 
S.61  W 
S.  61  W. 

8.54  W 
8.  40  W. 
8.  50  W. 
S.  37  W. 
8.  44  W. 
B.  36  W. 


Disu 
Cha.  Iks. 


In  section  4  bearing  to  corner  sec.  4  on  right  bank  N.  70^  W 
Bearing  to  cor.  sec.  4  and  5,  right  bank  N.  52^  W. 
To  post  in  line  between  sections  4  and  5,  breadth  of  river  by 
triangnlation  9  chains  51  Imks. 


REMARKS. 


In  section  5. 


18.46 

10.00 

8.18 

10.69 

5.59 

8.46 

16.50    |To  upper  comer  of  John  Sm  th's  claim,  course  E. 
21.96 

27  53    |To  post  in  line  between  sections  5  and  8,  breadth  of  rivei   ^ 
triangnlation  8  chains  78  links. 


&c.,        Slc 
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APPENDIX    A. 


STHOPSIB  OF  PLAVB  TRIGOHOMETBT.* 


(1)  Deflnlti^ll.  Plane  Trigonometiy  u  that  branch  of  Mathemattoal 
Science  which  treats  of  the  relatione  between  the  sides  and  angles  of  plane  trian- 
gles It  teaches  how  to  find  any  three  of  these  six  parts^  when  the  other  three 
are  giren  and  one  of  them,  at  leasts  is  a  side. 

(9)  Angles  and  Arcs.  The  anffUi  of  a  triangle  are  measured  by  the 
are9  described,  with  any  radius^  from  the  angular  points  as  centrei^  and  intercepted 
between  the  legs  of  the  angles.  These  arcs  are  measored  by  comparing  them  with 
an  entire  circumference,  described  with  the  same  radius.  Every  circnmlerence  is 
regarded  as  being  divided  into  860  equal  parts,  called  degrees.  Each  degree  is  di- 
vided into  60  equal  parts,  called  mimUee,  and  each  minute  into  60  eeeonde.  These 
divisions  are  indicated  by  the  marks  ^  '  ".  Thus  28  degrees,  17  minutes^  and  40 
seeonds,  are  written  28^  17'  49".  Fractions  of  a  second  are  best  expressed  deci- 
mally. An  arcv  including  a  quarter  of  a  circumference  and  measuring  a  right 
angle,  is  therefore  90^  A  semicircumference  comprises  180^  It  is  often  repre- 
sented by  ir,  which  equals  8.14159,  <bc,  or  d\  approximately,  the  radius  being  unity. 

The  length  of  1*  in  paits  of  radius  s  0.01745329 ;  that  of  1'=  0.00029089;  and 
that  of  r 'as  0.000004^5. 

The  length  of  the  radius  of  a  circle  in  degrees,  or  860ths  of  the  circumference 
=s  57*.29678  =a  67**  17'  24".8  =  8487'.747  =s  206264".8.t 

An  are  may  be  regarded  as  generated  by  a  point,  M, 
moving  from  an  origin.  A,  around  a  circle,  in  the  direction 
of  the  arrow.  The  point  may  thut  describe  arcs  of  any 
lengths,  such  as  AM ;  AB  as  90"*  =  i  ir ;  ABO  =s  180"  as  ir ; 
ABCDas270'*=sf  v;  ABODA s 860"*  as  2  v. 

The  point  may  still  continue  its  motion,  and  generate 
arcs  greater  than  a  circumference,  or  thAn  two  circum- 
ferencei^  or  than  three;  or  even  infinite  in  length. 

While  the  point,  M,  describes  these  arcs,  the  radiua^ 
OM,  indefinitely  produced,  generates  corresponding  anglea 


*  For  merely  MlTliigtrtsnglM,  onlj  ArtiolM  (1%  (SX  (8X  (B).  (6),  0^\  (H)*  *od  (19%  w  needed. 

r  The  number  of  eeoonda  In  eny  arc  whiob  is  given  in  parts  of  radios,  radios  being  unity,  eqoak 
tbe  length  of  tlie  are  so  given  divided  bj  the  length  of  the  are  of  one  leoond;  or  maltipUed  by  the 
■amber  of  seconds  in  radios. 
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If  the  pointi  M,  ahciild  moye  from  the  origii^  A,  in  the  eontrary  direction  tu  ite 
former  movement,  the  arcs  generated  by  it  are  regarded  as  negaUve,  or  mitwa , 
and  so  too^  of  necessity,  the  angles  measured  bj  the  arosi 

Arcs  and  angles  may  therefore  rary  in  length  from  0  to  -f>  oo  in  one  direction, 
and  from  0  to  —  »  in  the  contrary  direction. 

The  Complement  of  an  arc  is  the  are  which  would  remaiu  after  subtracting  the 
are  from  a  quarter  of  tha  drcamferenoe,  or  fr<Hn  90^  If  Um  are  be  more  than  90^, 
its  complement  is  neoassaiily  negative. 

The  S^ipplmn^nt  of  an  are  is  what  would  remain  after  subtracting  it  from  hall 
the  eireumference,  or  from  180^  If  the  arc  be  more  than  180^  its  supplement 
is  neoessarily  negative. 

(S)  Triironometrical  Unes*  The  relations  of  the  sides  of  a  triangt« 
to  its  angles  are  what  is  required ;  but  it  is  more  convenient  to  replace  the  angles 
by  arcs ;  and,  once  more,  to  replace  the  arcs  by  certain  straight  lines  depending 
upon  them,  and  increasing  and  decreasing  with  them,  or  conversely,  in  such  a  way 
that  the  length  of  the  lines  can  be  found  from  that  of  the  arcs,  and  vice  versA,  It 
is  with  these  lines  that  the  sides  of  a  triangle  are  compared.*  These  lines  ara 
called  IHgoncmetfieeU  Linee  ;  or  Circular  Ftmdicne,  because  their  length  is  a  fun<y 
tion  of  that  of  the  circular  arcs.  The  principal  Trigonometrical  lines  are  Sinu, 
TangetUe,  and  BeeanU,    Chords  and  versed  sines  are  also  used. 

I^  SINE  of  an  are^  AM,  is  the  perpendicular, 
MP,  let  fidl,  from  one  extremity  of  the  arc^  upon  1i^  W& 

the  diameter  which  passes  throogh  the  other  ex- 
tremity. 

The  TANQENT  of  an  arc,  AM,  is  the  distance, 
AT,  intercepted,  on  the  tangent  drawn  at  one 
extremity  of  the  arc^  between  that  extremity 
and  the  prolongation  of  the  radius  which  passes 
through  the  other  extremity. 

The  SECANT  of  an  ar«^  AM,  is  tiie  part^  OT, 
of  the  prolonged  radios,  oomprised  between  the 
centre  and  the  tangent. 

Hie  sine,  tangent,  and  secant  of  the  complement  of  an  arc  are  called  the  Co- 
sing Co^AiroBNT,  and  Co-eaaAiiT  of  that  arc.  Thaa,  MQ  is  the  cosine  of  AM,  BS 
its  cotangent,  and  OS  its  oosecant  The  eosine  MQ  is  equal  to  OP,  the  part  of  the 
radius  comprised  between  the  centre  and  the  foot  of  the  sine. 

The  chord  of  an  arc  is  equal  to  twice  the  sine  of  half  that  arc 

The  iMf s«MfM  of  an  arc^  AM,  is  the  distance^  AP,  comprised  between  the  origin 
of  the  arc  and  the  foot  of  the  sine.  It  is  consequently  equal  to  the  differeooe  be> 
tweeo  the  radius  and  the  sine. 

The  Trigonometrical  lines  are  usually  written  in  an  abbreviated  form.  OaUiog 
the  arc  AM  ss  a,  we  writer 

MPBsin.a.  AT  as  tan.  a.  OTsse&a. 

MQBC0s.a.  BSacot  a.  OSascoseco. 

Tlie  period  after  sia,  tan.,  ta,  mdieating  abbreviation,  is  frequently  omitted. 
Hie  ares  whose  sines^  tangents^  ds9^  are  equal  to  a  line  aeo,  are  written, 

sin.      o,  or  are  (sia  ss  a) ; 
tea      «^  or  are  (taaas  a) ;  Ac, 

*  Tor  the  ffitaf  t«1«s  of  ttato  tndliMt  mode  of  eompsmig  tbo  rides  and  so^  of  trfsnfla^  sss 
"  PhUotopbj  «  Mathooulioa,'*  (Hvpen*,  IWl,)  psgo  iSB. 


i 
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(4)  The  lines  as  ratios*  The  ratios 
between  the  trigonometrical  lines  and  the  radios 
are  the  same  for  the  same  angles,  or  number  of 
degrees  in  an  are,  whatever  the  length  of  the  ra- 
dios or  ara  Consequently,  radios  being  xaoMy, 
these  lines  may  be  expressed  as  simple  ratiosi 
Thos^  Lq  the  right-angled  triangle  ABQ  we 
would  have 


]1»8W. 


.     .      BO       opposite  nde 
AB       hypothenuse 

opposite  side 
adjacent  side' 

hypothenose 
AO       adjacent  side 


BO 
tan.A=  77=: 
AU 

sea  A^r-i=s 


.      AO       adjacent  side 
COOl  A  IS  -tt;  ss  -—= — ; , 

AB       hypothenuse 

^  AO  _^  adjacent  side 
BO  ""  oppoeite  side' 

AB  ^_^  hypothenuse 
BO  "  opposite  side' 


cot  A: 
3osec  As 


When  the  radius  of  the  ares  which  measure  the  angles  is  unity,  these  ratios  may 
be  used  for  the  linea  If  the  radius  be  any  other  length,  the  results  which  haye 
been  obtained  by  the  above  supposition,  must  be  modified  by  dividing  each  of  the 
trigonometrical  lines  in  the  result  by,  radius,  and  thus  randertng  the  equations  of 
the  rasults  **  homogeneous."  The  same  eflfoct  would  be  produced  by  multiplymg 
each  term  in  the  expression  by  such  a  power  of  radius  as  would  make  it  contidn  a 
number  of  linmtr  factors  equal  to  the  greatest  number  in  any  term.  The  radius 
is  usually  represented  by  r,  or  R. 

(5)  Tbelr  Tartatlons  in  lenirtta*  As  the  point  M  moves  around 
the  circle,  and  the  arc  thus  increases,  the  sioes^  tangents,  and  secants,  starting 
from  sero^  also  increase ;  till,  when  the 

point  M  has  arrived  at  B,  and  the  arc  has  ^'  *^ 

become  90*,  Cbe  sine  has  become  equal  to    5^  B  S 

radius,  or  unity,  and  the  tangent  and  se- 
cant have  become  infinite.  The  comple- 
mentary lines  have  decreased;  the  co- 
sine being  equal  to  radius  or  unity  at 
starting  and  becoming  lero^  and  the  co- 
tangent and  cosecant  passing  from  infin- 
ity to  zera  When  the  point  M  has 
passed  the  first  quadrant  at  B  and  is 
proceeding  towards  0,  the  sines,  tan- 
gents, and  secants  b^n  to  decrease,  till, 
when  the  point  has  reached  0,  they  have 
the  same  values  as  at  A  They  then  begin  to  increase  again,  and  so  on.  The 
Table  on  page  882  indicates  these  variations. 

The  sines  and  tangents  of  very  small  arcs  may  be  regarded  as  sensibly  propor- 
tional to  the  arcs  themselves ;  so  that  for  sin.  a",  we  may  write  a.  sin.  1" ;  and 
similarly,  though  less  accurately,  for  sin.  a',  we  may  write  a.  sin.  1'. 

The  sines  and  tangents  of  very  small  arcs  may  similarly  be  regarded  as  sensibly 
of  the  same  length  as  the  arcs  themselves* 


*  OoBseqaeiitl^,  the  note  011  psg«  370  may  ned  thus :  The  rnmber  of  Moondi  In  soy  vsry  amsl] 
SN  glTen  In  puts  of  radios,  rsdios  be'ig  unity,  to  eqnsl  to  tbs  Iragtb  of  tbo  sro  le  (Ivsa  dlrlded 
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a  being  the  length  of  any  are  expressed  in  |>art8  of  radios,  the  lengths  of  its  m 
and  oosine  maj  be  obtained  by  the  following  series: 

+,  etc. 


tin.  a s=  a  ^ +  ■■  ^m^  ^___^_— 

2.8  ^2.8.4.6       2.8.. ..7 


COS.  a  =  1  —  —  + -—-— - 
2    *   2   8.4 


+,et«. 


2.  •  •  .D 

Ltt  it  be  required  to  find  cos,  80^  by  the  above  series. 

80*'  r=  J?  »  s=  I  X  8.1416  =.6288. 
Snbstitnting  this  number  for  a,  the  series  becomes^  taking  only  three  terms  of  it| 

1  _t5^'.^  (US286y_^  etc.  =  1  -  0.137078  +  0.008180  «:.866082 ; 
2  24 

which  is  the  correct  value  of  cos.  80°  for  the  first  four  places  of  decimalsi 

The  lengths  of  the  other  lines  can  be  obtained  from  the  mutual  relations  giTSM 
in  Art  (7.)    Some  particular  values  are  given  below. 

sin.  80**  =  i.  un.  4«*  =  J>/2.  sin.  60*  =  4^8 

tan.  80**  =  l-v/8.  tan.  46"  =  1.  tan.  60"  =s  y/Z. 

sec  80"  =  1^8.  sec.  45'*  =  -v/2.  sec  60*  =  2. 

(6)  Their  Chang'es  of  siirn*  Lines  measured  in  contrary  direetiona 
from  a  common  origin,  usually  receive  contrary  algebraic  signa  If  then  all  the 
lines  in  the  first  quadrant  are  'called  positive,  their  signs  will  change  in  some  of 
the  other  quadrants.  Thus  the  ftn^s  in  the  first  quadrant  being  all  measured  up- 
ward, when  they  are  measured  downward,  as  they  are  in  the  third  and  fourth 
quadrants,  they  will  be  negative.  The  eonnet  in  the  first  quadrant  are  meas- 
ured from  left  to  right,  and  when 'they  are  measured  from  right  to  left,  as  in  the 
second  and  third  quadrants^  they  will  be  negative.  The  tangents  and  »ecant9  fol» 
low  similar  rules. 

The  variations  in  length  and  the  changes  of  sign  are  all  indicated  in  the  follow- 
ing table,  radius  being  unity.  The  terms  "increasing"  and  '^decreasing'*  apply  to 
the  lengths  of  the  lines  without  any  reference  to  their  signs. 

Lengths  and  Signs  of  the  Trigonometrical  Lines  for  Arcs  from  0°  to  360** 


Arts. 

oo 

Between  OO  and  90^. 

wo 

Between  90O  sod  1809. 

180O 

Sine     .    .    . 
Tangent  .    . 
Secant     .    . 
Cosine     .    . 
Cotangent    . 
Cosecant  .    . 

0 
0 

-fl 

-fl 

±« 

±« 

-f ,  and  increasing, 
4*,  and  increasing, 
-f ,  and  increasing, 
-f ,  and  decreasing, 
-f ,  and  decreasing, 
-f ,  and  decreasing; 

+1 

±00 

±00 

0 
0 

+1 

-f ,  and  decreasing, 
— ,  and  deereasii^, 
— ,  and  decreasing, 
— ,  and  increasing, 
— ,  and  increasing, 
-)-,  and  increasing. 

0 
0 

-1 

-1 

Too 

±00 

Area 

180O 

Between  180O  sod  S70O. 

2T0O 

Between  1700  sad  860O. 

8000 

Sine     .    .    . 
Tangent 
Secant 
Cosine.    .    . 
Cotangent    . 
Cosecant .    . 

0 
0 

-1 

-1 

=Foo 

±00 

»,  and  increasing, 
-f » and  increasing, 
^,  and  increasing, 
^,  and  decreasmg, 
-f  1  snd  decreasing, 
— ,  and  decreasing, 

-1 

±00 

=Foo 

0 
0 

-1 

— ,  and  decreasing, 
^,  and  decreasing, 
-f ,  and  decreasing; 
-|-,  and  increasing, 
— ,  and  increasmg^ 
— ,  and  increasing, 

0 
0 

+1 
-fl 

=Foo 
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From  thia  table,  and  Fig.  400,  ve  see  that  an  are  and  iU  wppUruwt  have  the 
tame  sine ;  and  that  their  tangents,  secants,  cosines,  and  cotangents  are  of  eqnal 
length  but  of  contrary  signs;  while  the  cosecants  are  the  same  in  both  length 
and  sign. 

We  also  deduce  from  the  figore  the  following  consequences : 

sin.  (a*-|-  ISO"*)  ai-sin.  a"*.  oo&  (a'*+  ISO'O  s-oos.  a^ 

tan.  (a^^-f  1  SO*")  ss  taa  a^  cot  \a^+ 180*")  s  cot  a^ 

sea  (a"*-!-  ISO"")  ss-sec  a\       cosec  (a^'-f  180*")  s-coeee.  a\ 

sin.  (— a*)=s— sin.  a®.  cos.  (—a*)  as  cos.  a*. 

tan.  (—a®)  ^:— taa  a®.  cot.  (—a*)  as— oot  «*. 

sec.  (—a*)  s:  secL  a^.  coeea  (^O  =s— cosec  a^. 

An  infinite  number  of  arcs  haye  the  same  trigonometrical  lines ;  for,  an  arc  a, 
the  same  arc  plus  a  circamference,  the  same  arc  ploa  two  circumferences,  and  so 
on,  would  have  the  same  sine,  Aa 

''To  bring  back  to  the  first  quadranf  the  trigonometrical  lines  of  any  huge  arc^ 
^oceed  thus :  Let  1029^  be  an  arc  the  sine  of  which  is  desired.  Take  from  it  as 
many  times  860*  as  possible.    The  remainder  will  be  809^    Then  we  shall  hare 

Sia809*aB»m.(180*--809*)as8ia-129'*sB-am.l29**==-8in.(180*-^»9*)=-sin.«l* 

(Y)  Their  mntaal  relations.    Radius  being  unity, 

.  ^    o^"^  «*  .     o      OWL  a* 

tan.  a"*  as 5.  aoi^a'^ss- 5. 

COS.  a  sm.  a 

o          1                             o          1 
seca^^ y  cosec  a  SS-: g. 

COS.  a  sm.  a 

tan.  a**  Xcot  a*  =  1.  (sin.  «**)■  +  (cos.  «•)•  ss  1  .♦ 

1  +  (tan.  ay  =  (sec  tt**)».         1  +  (cot.  a**)«  s  (cosec  a**) 

Hence,  any  one  of  the  trigonometrical  lines  being  givei^  the  rest  can  be  ibund 
ffwa  some  of  these  equations. 

(§)  Two  arcs*  Let  a  and  h  represent  any  two  ares,  a  being  the  greater 
Ihen  the  following  formulas  apply : 

sia  (a  -f  6)  ss  sin.  a.  coc  h  +  00s.  a.  sin.  5c 
sin.  (a  —  6)  ss  sin.  a .  cos.  h  —  ooe.  a.  sia  &. 
COS.  (a  +  ^)  =  00^  A  •  ^"^  6  —  sin.  a .  sin.  & 
COS.  (a  —  6)  s=  coc  a .  coc  b  4*  an.  a .  sin.  k, 

taa(a  +  6)  =  T — — -! — - — j- 
1  —  taa  a .  taa  6 

-       , .        taa  a  —  taa  6 
taa(a  — 6)as--— -. 

^         '      l«ftaaa.taa6 

A  /    J  i\      cot.  «.  cot  6  —  X 
cot  (a-f>6)ss — ——J — w 

^         '        cot6  +  oota 

^  ,       _-       cot  a .  cot  6  +  1 

cot  (a  -  6)« — r -2—. 

cot  6  —  cot  a 


•  nea^Bsie,  te^  of  the  due,  A&,  of  an  sre,  Is  often  ezpnsNd  bjr  plMlag  the  sspoBent  betweaa 
■m  sbbtevlstfon  of  tlia  name  of  the  trlgonomotriosl  Use  sad  tho  nnmbsr  of  the  dttfrwrn  In  tlM  aie 
4mm,  sbL*  aP,  tao.^  oo,  Aql    Bat  the  notation  giTon  sbora,  places  tho  Index  as  nsed  bj  Oani^ 
lelambro,  Arbogast;  Ac.,  though  tho  flnt  two  omit  the  perantfaesaa. 
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fliiL  a .  ain.  6  =E  ^ .  cos.  (a  —  ()  —  i  cos.  (a  +  b), 

oofl.a .  006. ^  ssi .  coa  (a  +  ft)  +  i ^oa.  (a  —  6). 

nn.  a.oos.6=:i.0in.  {a  +  b)  +  iauL  {a^b), 

ooflb a . sin.  b^^. sin.  (a  +  ft) " i ^  (^ "~ ft)" 

sin.  a -f-Bia  ft  =s  2  Bia  1  (a  +  ft)  o<»*  i  (<*  ""^  ftX 

oos.  0  +  <)o^  ft  =  2  000.  ^  (a  +  ft)  <iOfc  4  («  —  ftX 

■IB.  a  —  sin.  6  s=  2  ain.  ^  (a  —  ft)  coit  i  («+ ft)» 

ft  —  OOA.  a  as  2  BID.  |  (a  «  ft)  sin.  i  (a  4*  ft)* 


COS.  a.coa.6 

^  .      .       sin.  (a  —  ft) 

tan.  a  —  tan.  b  = ^ -,. 

ooflb  a.  001.  0 

...       .  Bin.  (a  +  ft) 

ooi  ft  +  cot  a  =-; — ^ — \ — r* 

Bin.  a .  am.  b 

.   -  ^  Bin.  («  —  ft) 

cot  ft  —  oot  a  =-: — ^ — : — 7. 

am.  a.  am.. 6 

(•)  Double  and  half  arcs*    Letting  a  represent  anj  ar<\  ••  befei* 
W  haya  the  following  formulas : 

ain.  2  a  =  2  ain.  a .  00a.  & 

coa.  2  a ^(coB. of  —  (ain.  of  ss 2  (00a.  a)*  —  1  as  1  —  2  (ain.  «]P. 

2  tan.  a  2  cot  a  8 


taa2  a  = 


1  —  (tan.  a)*     (cot  a)* — 1      oot  a  —  tan.  a 


^  -  (cot  «)•  —  1       ,  ,    ^  .         V 

oot  2  a  =  i— - — ' =  I  (cot  a  —  tan.  a). 

2  cot  a  **  ^  ^ 

Bin.  }a^^[i(l  —  coa  a)]. 

eoa.  i  a  ^  ^  [  i  (1  +  C0&  a)  ]. 

sin.  a         1  —  008.  a        .  /I  —  eoa  a\ 

1  +  COB.  a         Bin.  a  \1  +  coa  a/ 

^  ,  1  +  coa  a         ain.  a  *  /I  +  ««•  «\ 

cot  i  a  =  — ^ = =  V  I  ^ 1- 

sin.  a         1  —  coa  a      ^   M  —  coa  a/ 

(10)  Trig:onoinetrical  Tables.  In  the  naual  tablea  of  the  natural 
TVigonometrioal  Itnea,  the  degreea  from  0^  to  45^  are  fonnd  at  the  top  of  the  tables 
and  those  from  45^  to  90^  at  the  bottom ;  the  latter  being  oomplementa  of  the 
former.  Oonaeqaently,  the  oolumna  which  have  Sine  and  Tangent  at  top  hare 
CoHne  and  Cotangent  at  bottom,  ainee  the  ooaine  or  cotangent  of  any  arc  is  the 
same  thing  aa  the  sine  or  tangent  of  ita  complement  The  minntea  to  be  added 
to  the  degreea  are  found  in  the  left-hand  column,  when  the  number  of  degrees  at 
the  top  of  the  page  are  uaed,  and  in  the  right-hand  column  for  the  degreea  when 
at  the  bottom  of  the  paga  The  linea  for  area  intermediate  between  thoae  in  the 
tablea  are  found  by  proportion.  The  linea  are  calculated  for  a  radius  equal  unity. 
Hence,  the  valuea  of  the  aines  and  coainea  are  decimal  fractiona,  though  the  point 
is  uaually  omitted.  So  too  are  the  tangenta  from  0**  to  46^  and  the  cotangents 
from  90^  to  45^    beyond  thoae  pointa  they  are  integera  and  decimala 

The  calculationa,  lUce  all  othera  inyolving  large  numbera^  are  ahortened  by  the 
use  of  logarithma,  which  aubstitute  addition  and  aubtraction  for  multipUoation  and 
diriaion ;  but  the  young  atudent  ahould  avoid  the  frequent  error  of  regarding  loga 
rithma  aa  a  neoeaaary  part  of  trigonometry. 
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SOLUTION  OF  TRIANGLES. 


(11)  Bifflit-aiiffled   Trianffles.    Let 

ABO  bo  any  right-angled  triangle.  Denote  the 
•ides  qppocdte  the  angles  by  the  corresponding  imall 
lettersL  Then  any  one  aide  and  one  acute  angle,  or 
any  two  sides  being  given,  the  other  parts  can  be  ob- 
tained by  one  of  the  following  eqoations :  ^. 


•»6 

«»A 

^A 
e,  A 


Beqolred. 


e,  A,  B 

i,  A,B 

6,  e,   B 

tf,  c,    B 
«,*,   B 


FormokL 


Fiff.«n. 


cszy/{a*  +  b*)\  tan.  Asj;  cotB=sj-. 

b  — V(^  — <**) ;  ■^"'  A  =  - ;  coe.  B  ss  -• 

6  =  a.oot  A;  «=— ^;  Bs=»0*  — A. 

sia  A 

a=6.tan.A;  <?  =  — ^;  B  =  »0*  — A. 

COS.  A 

asse.sia  A;  6seco8.A;  B  =  90*  — A. 


(19)  Oblique-angled  Trian- 
ffies*  Let  ABO  be  any  oblique-angled 
triangle^  the  angles  and  sides  being  noted 
as  in  the  ilgnra  Then  any  three  of  its  six 
parts  being  giTen,  and  one  of  them  being  a 
side,  the  other  parts  can  be  obtained  by  one 
of  the  following  methods,  which  are  found- 
ed OQ  these  three  theorems. 

TesoftBic  L'-In  every  plane  trianf^U,  the  einee  ofthe'cmglee  eare  to  each  other  ae 
the  oppaeite  eidee, 

TBSOmnf  EL — In  every  pUme  triangle,  the  eum  of  two  eidee  i»  to  their  tUferenae 
M  the  tangent  of  half  the  sum  of  the  anglee  oppoeiie  thoee  eidee  is  to  the  tattgent  of 
half  their  differ  enee. 

Thbobxic  IIL— in  every  plane  triangle,  the  eoeine  of  any  angle  i*  equal  to  afrOe- 
Uan  whoee  nmnerator  ie  the  sum  of  the  equaree  of  the  eidee  a^aeent  to  the  angle,  mi- 
nus the  equare  of  the  eide  oppoeite  to  the  angle,  and  whoee  denominator  ie  twice  the 
prodMct  of  the  eidee  ac^aeent  to  the  angle. 

All  the  cases  for  solution  which  can  occur,  may  be  reduced  to  four. 

OiSB  1. — Oiven  a  eide  and  two  anglee.  The  third  angle  is  obtained  by  subtract 
ing  the  sum  of  the  two  giren  angles  from  180^i  llien  either  unknown  side  can  b« 
•btained  by  Theorem  L 

OaDing  the  given  side  a,  we  haye  ft  s=  a .  —, — r ;  and  czsa  .   ■.. 

Bm.A  8m.A 

25 
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Cask  2. — Gfiven  two  iidu  and  am  angle  oppoHte  one  of  them.  The  angle  opp(^ 
rite  the  other  given  side  is  found  hf  Theorem  L  The  third  angle  ie  obtained  by 
•uhfaracting  the  sum  of  the  other  two  from  180^  The  remaining  aide  is  then  ob- 
tained bj  Theorem  L 

OallisgihegiYen  aides  a  and  6,  and  the  given  angle  A,  we  have  ■in.B  as  tin.  A.— 

Since  an  angle  and  its  sapplement  hare  the  same  sine,  the  result  is  ambigaoaa ; 
for  the  angle  B  may  haye  either  of  the  two  supplementary  values  indicated  by 
the  sine,  if  6  >  a,  and  A  is  an  acute  angle. 

0  =  180'— (A  +  Bi  0s=sin.C-T^. 

^  '^  sm.A 

Case  8. — CHiten  two  eidee  and  their  ineludsd  angle,  Appfying  Theorem  IL  (olh 
taining  the  sum  of  the  angles  opposite  the  given  sides  by  subtracting  the  given 
indnded  angle  from  180^),  we  obtain  the  difference  of  the  unknown  anglesL  Add- 
ing this  to  their  sum  we  obtain  the  greater  angle,  and  subtracting  it  from  their 
sum  we  get  the  lesa    Then  Theorem  I  will  give  the  remaining  side. 

Galling  the  given  sides  a  and  b,  and  the  included  angle  C,  we  have 
A-f  BssUO"*  — 0.    nien 

taa  i  (A— B)  =  tan.  i  (A  +  B).  ^^. 

i(A  +  B)  +  i(A-.B)  =  A.       i(A  +  B)-4(A-B)  =  R       *  =  «^- 

In  the  first  equation  cot  i  0  may  be  used  in  the  place  of  tan.  ^  ( A  ^*  B)b 

Casb  4, — Oiven  the  three  eidee.  Let  •  represent  half  the  sum  of  the  three  ddea 
BB^  (a+b  +  c).  Then  any  angle,  as  A,  may  be  obtained  from  either  of  the  fol^ 
kiwing  formula^  founded  on  llieorem  BX : 

be 

l^  +  ^^a* 

COS.  A ^'        _  -        • 
2be 

The  first  formula  should  be  used  when  A  <  90^  and  the  second  when  A  >  90^ 
Ibe  third  should  not  be  used  when  A  is  nearly  180^ ;  nor  the  fourth  wh«i  A  ii 
nearly  90^;  nor  the  fifth  when  A  ii  veiy  nnalL  Hie  third  is  the  moat  eoiiTeaieBl 
when  all  the  angles  are  required. 
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DEM0H8TBATI0VS  OF  VBOVLBMB,  SIC. 

Xaht  of  tlM  proUems,  Aa»  oontamed  in  the  preoeding  pages,  require  Demonstra 
tiona.  Tlieee  will  be  giTen  here^and  will  be  dedgnated  by  tbe  aame  irambeTB  ai 
Ihoee  of  the  Ariidea  to  whieh  they  refer. 

Aa  many  of  these  DemonstratkxiB  ioTolTe  the  beaatiAil  Theory  of  Transyersahy 
Ac,  which  has  not  yet  found  its  way  into  our  Geometries^  a  eondensed  snmmary 
of  its  principal  Theorems  will  first  be  given. 

TRANSVERSALa 

Tbiorek  Ir^Ifa  9traigkt  lins  he  drawn  tow  to  cut  any  two  ndet  of  a  trianffU, 
andtho  tkirdikh  frohn^tkm  dividing  theminto  tim  parl9{the  ffrdonged  tide 
andiUprolongaiion  being  two  ofth$  parte),  then  wiU  the  prodMot  of  ang  three  of 
thoee  parte,  whoee  extremitiee  are  not  conHgmoue,  equal  the  produel  of  the  other  three 
parte. 

That  ifl^  in  Fig.  408,  ABO  being  the  triangle^  and 
DF  the  Transversal,  BEXADXGFssiEAXDOxBF. 

To  prove  thiB»  from  B  draw  BG,  perallel  to  OA. 
From  the  similar  trisngles  BEG  and  AED,  we  have 
BG:BB::AD:AR  From  the  dmilar  triangles 
BFG  and  OFD,  we  have  CD  :  GF  : :  BG  :  BF. 
Multiplying  these  proportions  together,  we  have 
BGXOD :  BEXOF : :  ADXBG :  AEXBF.  MnlU- 
plying  extremes  and  mean%  and  suppressing  the  common  fiietor  BG,  we  have 
BExADXOFssEAXDOXBF. 

These  six  parts  are  sometimes  said  to  be  jf»  inwjhUion* 

If  the  IVansversal  passes  entirely  out- 
side of  the  triangle,  and  cuts  the  piolonga> 
tions  of  all  three  sides^  as  in  Fig:  404^  the 
theorem  still  holds  good.  The  same  dem- 
onstration applies  withont  any  change.* 

Tbbobdc  H— Oonversely :  If  three  poinU 
be  taken  on  two  tidee  of  a  triangle,  and  on 
the  third  eide  prolonged,  or  on  the  prolon- 
gaiione  of  the  three  mdee,  Omding  them 
into  eix  parte,  eueh  that  the  product  of 
three  nonrconeecutioe  parte  equale  the  prod' 
mt  of  the  other  three  parte;  then  will  theee  three  poinU  lU  in  the  eame  ttratght  lin% 

This  Theorem  is  proved  by  a  JUductio  ad  abeurdum, 

#  TUi  ThMcwn  IIIS7  bs  ezttnOsd  to  polycoM 
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TnoEKM  m— ^yVwii  the  nmrnilB  of  a  trumgU,  linn  *%•  ^"^ 

he  drawn,  to  a  point  Hhtaled  tUktr  ftUHn  or  mUhmU  the 
triangU,  and  prolonged  to  meet  the  eidee  of  ihe  triangU, 
fr  tMr  jprolonffaiione,  thme  dividing  them  into  tur  parte; 
then  will  the  prodmet  ef  emg  three  nonrooneeeutive  parU  he 
$qual  to  the  product  of  the  other  three  parte. 

Thtkt  iB»  in  Fig.  406,  or  FSg.40^ 

AE  X  BP  X  CD  =  EB  X  FO  X  DA. 

For,  the  triangla  ABF  being  cat  hj 
the  transreraal  SG,  giyee  the  relation 
(llieorem  I)^ 

AS  X  BO  X  FPasEB  X  FC  X  PA. 

The  triangle  ACF,  being  cat  bj  the 
tranireraal  DB»  gives 

DO  X  FB  X  PAs  AD  X  OB  X  FP. 

Multiplying  these  equations  together, 
and  snppressing  the  common  fiustors 
PA,  OB,  and  FP,  we  have  AE  X  BF  X  CD  sEB  X  FO  X  DA. 

Theobcx  IV. — Oonversely :  ^  three  pointe  are  eittuUed  on  the  three  eidee  afatri^ 
angle,  or  on  their  prolongalione  {either  one,  or  three,  of  theee  pointe  heing  on  the  eidee\ 
90  that  theg  divide  theee  linee  in  eueh  a  way  that  the  product  ofang  three  noii-ooti 
eecutive  parte  eguale  the  product  of  the  other  three  parte,  then  will  linee  drawee  from 
theee  pointe  to  the  oppoeite  anglee  meet  in  the  eame  point, 

nils  llieorem  can  be  demonstrated  by  a  Reduetio  ad  abeurdum 


COROLLARIES  OF  THB  PRBOKDINO  THB0RBM8. 

Oca.  l^^The  MEDIANS  of  a  triangle  (I  a,  the  lines  drawn  from  its  sammits  to 
the  middles  of  the  opposite  sides)  meet  in  the  eame  point 

For,  sapposing,  in  Fig.  406,  the  points  D,  E^  and  F  to  be  the  middles  of  the  sidesi 
the  prodacts  of  the  non-conaeontiTe'  parts  will  be  equal,  L  e,  AE  X  BF  X  ODaa 
DAXEBXFO;  since  AEsEB,  BF=FO,  ODsDA.    TheoTfaeorem  lY.appliea. 

OoB.  %-^The  BISSEOTRIOES  of  a  triangle  (L  e.,  the  lines  bisecting  its  angles) 
meet  in  the  eatne  point 

For,  in  Tig,  406,  supposing  the  lines  AF,  BD,  OE  to  be  Bisseetrice%  we  hair« 
ILegendrelV.  17): 


BF:FO::AB:AO, 
CD: DA::  BO:BA, 
AE:EB::OA:OB» 


rBFxAOi 
whence  ^ODXBA: 

(aexob 


tFOXAB, 
:DAXB0, 
sEBX  OA. 


'  Multiplying  these  equations  together,  and  omitting  the  coounon  fiictora^  we  ha?« 
fiF  X  CD  X  AE  =  FO  V  DA  y  EE    Then  Theorem  TV,  applies 
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Coft.  Z.~~Ths  ALTITUDES  of  a  triamgU  (L  e.,  the  linjs  orawn  from  iU  siimmita 
perpendlcnUur  to  the  oppoute  tidee)  meei  in  the  tame  poinL 

For,  in  Fig.  406,  sapposing  the*  lines  AF,  BD,  and  Ofis  to  be  Altitudes,  we  have 
Oree  pain  of  sinular  triangles,  BOD  «nd  FOA,  OAE  and  DAB»  ABF  andEBO,  by 
oomparing  which  we  obtain  relations  from  which  it  is  easy  to  dedooe  BFxCD  X  AS 
■bEBxFOXDA;  and  then  Theorem  lY.  again  applies. 

OoB.  4.—^,  in  ^.  406,  wr  Fig,  406,  this  point  F  U  taken  in  the  middle  o/BO, 
AenmUtheline'EDbe  paralUl  to  Ba 

For,  smceBFsFO,the  equation  of  Theorem  IIL  reduces  to  AExGDasEBxDA; 
«beneeA£:£B::  AD:  DO*  consequently  ED  is  parallel  to  BO. 

Oon.  6^-Oon76r8ely :  J^'EL  ie parallel  to  BO,  then  it  BFsFa 

FoT,ainoe  AE :  EB  ::  AD :  DO,  we  hare  AE  X  DOsEB  X  AD;  whenoe^m  the 
equation  of  Theorem  IIL,  we  must  haye  BF^FO* 

Ooa.  6.— From  the  preceding  Corollary,  we  derire  the  IbUowipg : 

Jff"  two  iidet  of  a  triangle  are  divided  proportionallff, 
etartingfivm  the  earns  ntrnmit,  as  A,  and  linst  are  drawn 
from  the  sxtremities  of  the  third  side  to  the  points  ofdivi' 
sian^  ths  interteet&ons  of  the  correspending  Unss  will  all  lie 
in  the  earns  straight  line  Joining  the  summii  A,  oiMf  ths 
midtBs  of  the  bass. 

Com.  7. — A  particular  case  of  the  preceding  corollary 
is  this: 

In  any  trapstcid,  ths  straight  line  whish  joins  ths  inter- 
section  of  the  diagonals  and  the  point  of  meeting  of  ths  non-parallel  sidee  produced, 
passss  through  ths  nUddls  of  the  two  parallel  btues, 

(km,  &— J)r  ths  three  lines  drawn  through  ths  corresponding  summits  of  two  trian' 
glss  out  sash  other  in  ths  same  point,  then  the  three  points  in  which  ths  corresponding 
sides,  produced  if  necessary,  will  meet,  ars  situated  in  the  earns  straight  line. 

This  corollary  may  be  otherwise  enunciated,  thus : 

^  two  triangles  haee  their  summits  situated,  two  and  two,  on  three  li$ies  whidk 
meet  m  the  same  point,  then,  dtc 

This  IS  proTod  by  obtaining  by  Theorem  I.  three  equations,  which,  being  multi* 
plied  together,  and  the  six  common  factors  caocelled,  give  an  equation  to  wl 
llieorem  n.  applies. 

TViaoglea  thai  situated  are  called  homologie;  the  oommon  point  of  meeting  of 
tlie  lines  pasnig  through  their  summits  is  called  the  cenirs  of  homology;  and  ths 
hnt  CO  whidi  the  sides  meet^  the  aais  of  homology. 
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HARMONIC  DIVISION. 

DsranTioNB.— A  straight  line^  AB,  is  said  to  ll1ff.4ll6L 

be  karmomcally  divided  at  the  points  0  and  D,  I  ■  ■  \ \  ■! 

when  these  points  determine  two  additiye  seg-  ^  O       B  0 

ments,  AO,  BO,  and  two  sabtraotiYe  segments^  AD,  BD,  proportional  to  one  an* 
other ;  so  that  AO :  BG : .  AD :  BD.  It  will  be  seen  that  AG  mnst  be  more  than 
BGv  since  AD  is  more  than  BD.* 

This  relation  may  be  otherwise  expressed,  thus:  the  prodaet  of  the  whole  line 
by  the  middle  part  equals  the  prodaet  of  the  extreme  parts^ 

Reeiprocally,  the  line  DO  is  harmonieaUj  divided  at  the  points  B  and  A ;  since 
the  preceding  proportion  may  be  written  DB :  OB : :  DA :  OA 

The  four  points^  A,  B^  Q  D,  are  called  hamumie$.  Hie  points  0  and  D  are  called 
karmanic  cof^ugates.    So  are  the  points  A  and  B. 

When  a  straight  line,  as  AB,  is  diyided  harmooically,  its  half  is  a  mean  propor- 
tional between  the  distance  from  the  middle  of  the  line  to  the  two  points^  0  and  D, 
which  divide  it  harmonically. 

!£,  from  any  pointy  0,  lines  be  drawn  so  as  to  1^^  4M. 

divide  a  line  harmonically,  these  lines  are  called 
an  harmonie  peneiL  The  foar  lines  which  com- 
pose it^  OA,  00,  OB,  OD,  in  the  figure,  are 
called  its  radU,  and  the  pairs  which  pass  throngh 

the  conjugate  points  are  called  eanjvgate  radii. 

A  OB 

Thxoseic  v.— /»  any  harmonic  pencil,  a  line  drawn  parallel  to  any  one  qf  ike 
radii,  ie  divided  hy  the  three  other  radii  into  two  equal  parte* 

Let  £F  be  the  line,  drawn  parallel  to  Fig.  410. 

OA    Through  B  draw  OH,  also  parallel 
to  O  A    We  have^ 

GB :  0  A : :  BD :  AD ;  and 
BH:0A::BG  :  AG. 


But,  by  hypothesis,  AG :  BG : :  AD  :  BD. 
Hence,  the  first  two  proportions  reduce  to 
OB  =s  BH ;  and  consequently,  £K  =s  EF. 

The  Reciprocal  is  also  true ;  i  e., 

Jffowr  linea  rttdiatinff  from  a  point  are  attch  that  a  line  drawn  parallel  to  one  of 
them  i§  divided  into  two  egval  parte  hy  the  other  threes  the  four  linceform  an  kar- 
nonic  pencil, 

*  Three  nnmben,  m,n,p^  emnged  In  deereasfaig  order  <^  slie,  form  en  harmonie  propotHon^ 
when  the  difference  of  the  first  end  the  eeeond  to  to  the  difllBrenoe  of  the  second  end  the  third,  •■ 
Ihe  fint  to  to  the  third.  Snoh  tfe  the  numbers  8, 4^  end  8;  or  fl,  8,  tnd S;  or  Ifi,  U,  end  10;  te 
Bo,  in  Fig:  406,  are  the  lines  AD,  AB,  end  AG,  whioh  thus  give  BD :  CB ::  AD :  AG;  oi 
AG :  GB ::  AD :  BD.  The  series  of  flraettons,  |,  ^,  j,  },  \^  Ao.,  to  called  en  hoirmcnic pfogreo- 
•ifn.  becAiue  any  consecative  three  of  Its  terms  form  an  harmonie  proportion. 
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TeiOBm  YL — ^  any  trantvertal  to  an  hofmonie  pencil  be  drawn,  it  jtill  he  divided 
\atnmonieally, 

Lei  LM  be  the  transyeraaL  Throogh  K,  where  LM  interseota  OB,  draw  £F 
parallel  to  O^  It  is  biseeted  at  E  by  the  precediog  theorem ;  and  the  similar 
triaogle^  FMK  and  LMO,  EKN  and  LNO,  give  the  proportionB  • 

LM:EM::OL:FE,  aQdLN:NE::OL:EK;  whence, 
ainoe  FKsEE,  we  haye  LN :  NK : :  LM :  KM. 

OoBOLLABT.— 7^  two  tides  of  any  angle,  together  with  the  hieaectrieee  of  the  angle 
and  of  tte  wippUmenijform  an  harmonie  peneiL 

T^oomxic  VIL — J^  from  the  tummite  of  any 
triangle,  ABO,  through  any  point,  T,  there  be 
dramn  the  tranevereah  AD,  "BE,  OF,  and  the  trane^ 
ver9al  ED  be  drawn  to  meet  AB  prolonged,  in  F', 
the  poinU  T  and  T  wiU  divide  the  bate  AB  har- 
monically. 

This  may  be  otherwise  expressed,  thus : 

The  line,  OP,  which  Joine  the  iniereeetion  of  the  diagonaU  ofan$  quadrilateral, 
ABDE^  with  the  point  of  meeting,  0,  of  two  oppoeite  eidee  prolonged,  cute  the  eide 
AB  fit  a  point  F,  which  ie  the  harmonic  conjugate  of  the  point  of  meeting,  V,  of 
SiU  oKher  two  eidet,  ED  and  AB,  prolonged. 

For,  by  Theorem  L,  AF  X  BD  X  CE  =  FB  X  DO  X  EA;  aod 
by  Theorem  IIL,  AF  X  BD  X  OE  =  FB  X  DO  X  EA; 
whence  AF :  FB : :  AF* :  F'B. 


THE  COMPLETE  QUADRILATERAL. 

A  Complete  Quadrilateral  is  formed  by  Fjg.  41%, 

drawing  any  four  straight  lines,  so  that  each 
of  them  shall  oat  each  of  the  other  threes  so 
as  to  giye  six  diflbrent  points  of  intersection. 
It  is  so  called  because  in  the  figm'e  thns 
formed  are  found  three  quadrilaterals ;  yis., 
m  Fig.  412,  ABOD,  a  common  convex  quadri- 
lateral ;  EAFO,  a  uni-concave  quadrilateral ; 
and  £B AFD,  a  In-coneave  quadrilateral,  com- 
posed of  two  oppoeite  triangles. 

Hie  complete  quadrilateral,  AEBODF,  has 
three  diagonals ;  yiz.,  two  interior,  AO,  BD ; 
■od  one  exterior,  EF. 

TmoaiM  YlIL-^In  every  oomplstb  quadkilatxbal  the  middle  pointe  of  ite  thrre 
4iagonaU  lie  in  the  eame  etraight  line, 

AEBODF  is  the  quadrilateral,  and  LBfN  the  middle  points  of  its  three  dia^ 
Mil.    From  A  and  D  draw  parallels  to  BO,  and  from  B  and  0  draw  parallels  te 
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Fi»41& 


hD,  The  triangle  EDO  being  cut  07  the  transTerMl  BF,  we  have  (Theorem  L\ 
DF  X  GB  X  EA=sGF  X  EB  X  DA.  From  the  equality  of  parallelB  betweas 
paraUela,  we  have  OB  =  E'B',  £A  =  GA',  £B  =  DB',  DA  =  E'A'.  Heiioe»  the 
•oore  equation  becomes  DF  X  E'B'  X  GA'  =  GF  X  DB'  X  E* A' ;  therefon^  hj 
Iheorem  IL,  the  points^  F,  B\  A',  lie  in  the  same  straight  line.  Kow,  since  th* 
diagonals  of  the  parallelogram  EGA'A  Insect  each  other  at  N»  and  those  of  the  par- 
allelogram EBB'D  at lA,  we  hare  EN :  KA' : :  EM:  MB'.  Then  MN is  parallel  to 
FA';  andwehaTe  EN:  NA' ::  EL:  LF,  or  EL  as  LF,  so  that  L  is  the  middle  of 
EF,  and  the  same  straight  line  passes  through  L,  M,  and  N. 

Thxorxm  IX. — In  every  eompUU  quadrilateral  each  of  the  three  dtoffomUe  is 
Hmded  harmonically  by  the  two  othere. 

OEBADF  is  the  eomplete  quadrilateral 
The  diagonal  EF  is  divided  harmonically  at 
O  and  H  by  DB  and  AG  produced;  since 
AH,  DE,  and  FB  are  three  transyersals 
drawn  from  the  summits  of  the  triangle 
AEF  through  the  same  point  G ;  and  there- 
fore, by  Theorem  YIL,  DBG  and  AGH  dl- 
Tide  EF  harmonically. 

So  to<H  in  the  triangle  ABD,  GB^  GA,  GD, 
are  tiio  three  transversals  passing  through  G ;  and  O  and  K  therefore  divide  the 
diagonal  BD  harmonically. 

So  too^  in  the  triangle^  ABG,  DA,  DB,  DG  are  the  transversals,  and  H  and  K 
the  points  which  divide  the  diagonal  AG  harmonically. 

Thbordc  IL^Iffrom.  a  point.  A,  any  nwn-  Fl»  414. 

ber  of  linei  be  drawn,  etUHng  the  eidea  of  am 
angle  POQ,  the  intereeetione  of  the  diagonaU 
of  the  qttadrilaterale  ihue  formed  wiU  all  lie 
in  the  aame  elraight  line  paetiny  through  the 
etanmit  of  the  angle. 

By  the  preceding  Theorem,  the  diagonal 
BG'ofthe  complete  quadrilateral,  BAB'G'CO.^         O  C  <r  Q 

is  divided  harmonically  at  D  and  E.  Hence,  OA,  OP,  OD,  and  OQ,  form  an  har- 
monic pencil  So  do  OA,  OP,  OD',  and  OQ.  Therefore,  the  lines  OD,  OD*  ecnn- 
dde.    So  for  the  other  intersections. 

If  the  point  A  moves  on  O A,  the  line  OD  is  not  displaced.  It,  00  the  oontrarj, 
OA  is  displaced,  OD  turns  around  the  point  O.  Hence,  the  point  A  is  said  to  be  a 
pole  with  respect  to  the  line  OD,  which  is  itself  called  the  polar  of  the  point  A. 
Similarly,  D  is  a  pole  of  OA,  which  is  the  polar  of  D.  OD  is  likewise  the  polar  of 
any  other  point  on  the  line  OA;  and  this  property  is  necessarily  redproeal  for  the 
two  conjugate  radii  OA,  OD,  with  respect  to  the  Unes  OP,  OQ^  whidi  are  also 
conjugate  radii.  Hence :  In  every  harmonic  pencil,  eadi  of  the  radii  is  a  polmt 
with  respect  to  each  point  of  its  conjugate;  and  eadi  point  of  this  latter  line  is  a 
oole  with  respect  to  the  foimsr. 


DEMOHSfBATIOVB* 

PART  n. ;  CHAPTER  Y. 

(140))  (141)  Hie  equality  of  the  triangles  formed  in  these  methods  proret 
iheir  oorrectneaa. 

(143)*  (144).  These  methods  depend  on  the  prineiple  of  the  square  of  the 
liypothenQse. 

(145)  OAD  is  an  angle  mscrlbed  in  a  semieirde. 

(146)  Let  fidl  a  perpendiealar  from  B  to  AO,  meeting  it  at  a  pomt  "E,  not 
arked  in  Fig.  91.    Then  (Legendre,  IV.  12), 

AB«  =  AO«  +  BO«  — 2A0.0E;  whence  CE  a;  ^^  ^^AiT  ^ 

BC* 
When  AG  sAB,  this  beoomoi  ^^^aTn*  The  similar  triangles»BO£  and  DOA, 

giTe  EO    CB : :  AO  :  CD;  whence 

CBXAO_                       B0»_2A0« 
^^ OB ^^^^^2A0 56"- 

(147)  Mark  a  point,  G,  in  the  middle  of  DF,  and  Jdn  GA  The  triangle  AGB 
will  then  he  isosceles  since  it  is  equal  to  the  isosceles  triangle  ABO,  haviqg  two  sides 
and  the  included  angle  equal  Then  AG  s  GD  =:  AB  =  GF.  The  triangle  AGF  is 
then  also  isosceles.  Kow  the  angle  FAG  =  iAGD;  andGAD  =  iFGA  Therefore 

FAG  +  GAD  s=  FAD  =r  ^  (AGD  +  FGA)  =  i  (180')  ==  90*, 
(140)  See  Part  YIL,  Art  (408> 
(IftO)  The  proof  follows  from  the  equal  triangles  formed. 
(Iftl)  The  proof  is  found  in  the  first  half  of  the  proof  of  Art  (146> 
(158)  AGP  is  an  angle  inscribed  in  a  semicircle. 

(154)  Draw  from  G  a  perpendicular  to  the  given  line,  meeting  it  at  a  point  R 

AC 

As  in  the  proof  of  Art  (146^  changing  the  letters  suitably,  we  hare  AE=i-— » 

rhe  nmilar  triangles  AEG  and  ADP  giye 

AG.AE-.AP-AD-^XAE-:^X^^-.:^^i^ 
AG.AE..AP.AD-— XAE^— X5-J3 j-^g^ 

(155)  Similar  triangles  proTe  this. 

(156)  The  equal  triangles  which  are  formed  give  BPssGF.    Hence  YP  is 


larallel  to  BQ  and  consequentl  j  perpendicular  to  the  giYcn  Ime  DG. 
(157)  The  pro<tf  of  this  is  found  in  the ''  Theory  of  TransrersaK"  corollary  t» 
(15S)  The  proof  of  this  is  the  same  as  the  last 
(161)  The  lines  are  parallel  because  of  the  equal  aqgles  formed. 

e  Addltlooal  Hues  tc  the  flgnivs  in  the  text  will  iwiiMiinss  be  sniplojsd.   The  itiidsBt  ibsnli 
th«m  on  the  flguret^  as  dlreotod. 
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(169)  The  equal  triADgles  give  equal  angles^  and  therefore  parallels 

(103)  AB  18  parallel  to  PF,  since  it  cuts  the  sides  of  the  triangle  proportiooallj. 

(164)  The  proof  is  found  in  corollary  4  of  Transyersals.* 

(165)  From  the  similar  triangles,  CAD  and  CEP,  ve  have  OE:OD::  CP:GA. 
Fh>m  the  similar  triangles,  CEF  and  CBD,  ve  hare  OE :  CD::CF:Ca  Tbm% 
two  proportions  giye  the  following;  CP :  OA : :  CF :  CB.  Therefore  PF  is  par- 
allel to  AB. 

(166)  DrawPE.  The  similar  triangles PCE and  AOD give PB:OE::  AD:  CD. 
The  similar  triangles  CEF  and  CDB  gire  EF :  GE : :  DB :  CD.  These  proportions 
produce  PE :  EF : :  AD :  DB.  Hence  PEF  is  similar  to  ADB,  and  PF  is  parallel 
toABL 

(178)  The  equality  of  the  symmetrical  triangles  which  are  formed,  prorea  thia 
method. 

(174)  ABP  is  a  transrersal  to  the  triangle  CDE.  Then,  by  Theorem  L  ci 
"TransverBala^"  CA  X  EB  X  DP  =  AE  X  BD  X  CP;  whence  we  hare 

CP :  DP ::  CA  X  EB  :  AE  X  BD. 

By  "division,"  CP  — DP:  DP ::  CA  X  EB  — AE  X  BD :  AE  X  BD. 

DC  X  AE  X  BD 


Hence,  since  CP  — DP  =  CD,  we  obtain  DP=s 


CAXEB— AEXBD 


The  other  formulas  are  simplified  by  the  common  factors  obtained  by  makiiiK 
AEas  AC  or  BEssBD. 

(175)  By  Theorem  YIL  "  Harmonic  Division,"  in  the  quadrilateral  ABED,  the 
line  CF  cuts  D£  in  a  point,  I^  which  is  the  harmonic  conjugate  of  the  point  at 
which  AB  and  D£^  produced,  would  meet  So  too^  in  the  quadrilateral  DEHK, 
this  same  line^  CG,  produced,  cuts  DE  in  a  point,  L,  which  is  the  harmonic  conju- 
gate of  the  point  at  which  DE  and  KE,  produced,  would  meet  Consequently, 
AB^  DE,  and  EH  must  meet  in  the  same  point  Oiksrwim:  this  problem  may  be 
regarded  as  the  converse  of  Theorem  X.  of  *'  Transversals,"  BCA  being  the  angle, 
and  P  the  point  from  which  the  radiating  lines  are  drawn. 

(176)  EGCFDH  is  the  "  Complete  Quadrilateral"  Its  three  diagonals  are  FE; 
DC,  and  HG ;  and  their  middle  points  A,  B,  and  P  lie  in  the  same  straight  line,  bjp 
our  Tlieorem  YIIL 

(163)  This  instrument  depends  on  the  optical  principle  of  the  equality  of  the 
angles  of  incidence  and  reflection. 

(184)  The  first  method  given,  Fig.  120,  is  another  application  of  the  Theory  of 
Transversals.  The  second  method  in  the  article  is  proved  by  supposing  the  figure 
to  be  constructed,  in  which  case  we  should  have  a  triangle  QZB^  whose  base,  QR« 
and  a  parallel  to  it,  BD,  wou^d  be  cut  proportionally  by  the  required  line  PSZ ; 

BDXQP 


sothatQB:BD::QP:BSs — ~ 


(169)  By  "Transversals^"  Theorem  I,  we  obtain,  regarding  CD  as  the  trans- 
versal of  the  triangle  ABE,  CBxAFXED=ACXFExDB;  and  since  ED&sDB. 
this  becomes  CB  X  AF  &=  AC  X  FE ;  whence  the  proportion  CB  :  AC  : :  F£ :  AF. 
By  '*division,"  we  have  CB— AC  :  AC  ::  FE— AF  :  AF.     Observing   that 

OB  — ACsAB,  we  obtain  AB  =  ^  •  (FE— AF). 


App.  B.]  For  Part  IL,  Chapter  T. 

(190)  Take  CH  a  OB ;  and  from  B  let  fall  a  perpen* 
dieular,  BS[,  to  AO.  Then,  in  the  triangle  GBH,  we  hare 
^gendre  IV.  12^ 

Qg  +  Bg^BC^Bg, 

"^ icl  iBO'  *■  J 

nnoe  CHsBQ 
In  the  triangle  ABH,  we  hare  (Leg.  lY.  18) 
AB'sAH'  +  BH'  +  aAH.HE. 
Bobatitiiting  for  HE,  ita  yalne  from  [1],  we  get 

AB««Ag+Bg(l  +  ^). 

Bat  AHasAO-CHssAO— BO 

.-.  AB««Ag  +  Bg(l  +  ^5ziS2)«Aff+BH».|g.  [2] 

In  the  abore  expresaion  for  AB,  BH  is  unknown.    To  find  it,  proceed  thu& 
Take  OFasOD.    Then  DF  ia  parallel  to  BH;  and  we  hare  OD :  OB ::  DF :  BH; 

*»«»«•  BH^-DP.^.  W 

In  this  equation  Df*  ia  unknown ;  but  bj  proceeding  as  at  the  beginning  of  this 

OE 
inTestigation,  we  get  an  equation  analogous  to  [2],  giving  ED*  sEF*  +  DF" .  ^ ; 

Substituting  this  ralue  of  DF*  in  [8],  we  have 

BH'=(DE.-KF.)^^ 
SnlMtitiitiDg  thit  Talo*  of  BH^  in  [2],  ▼•  hvr« 

(101)  Since  BOD  is  a  right  angle,  AO  is  a  mean  proportional  between  AB 
and  AD. 

(109)  rhe  proof  follows  from  the  similar  triangles  constructed. 

(103)  The  similar  triangles  giTO  DE :  AO  t :  DB :  AB ;  whence,  by  **  dirisioq,* 
DE— AO  :  AO  ::  DB — AB  :  AB;  whence,  since  DB— ABa  AD,  we  hare 
AOXAD 


Al» 


DE-AO' 


(104)  From  the  similar  triangles^  we  haye  DE  :  OA::  EB  i  AB;  whence 
DE— OA  :  OA  ::  EB— AB  t  AB;  whence,   since    EB— ABsbAF;  we    get 
AOXAS 


AB 


DE-Aa 


(10ft)  The  triangles  DEF  and  BAF,  similar  because  of  the  parallelogram  whidi 

.   ,     .     •».»*.      .«     .^      EDXAF      AOXAF 
s  constructed,  gire  FB :  ED ::  AF  :  ABa      ^      as      -^     . 

AOxDO 
The  triangles  DEF  and  BOD  gire  simikrly  FE :  ED : :  DO  :  OB  a  -~m — • 


3iK)  DEMOHSTSATIONS  Lapp,  b 

(196)  The  equality  of  the  triaoglee  formed  proves  this  problem. 

(197)  The  proof  of  this  problem  also  depends  od  the  equality  of  the  triai^lei 
•onstructed.    The  details  of  the  proof  require  attention. 

(198)  EB  is  the  transrersal  of  the  triangle  AGD.    Goosequently,  OBxAFxDE 

s  ABXFDXGE ;  or,  stoee OB ss  AB+AO,  (AB+ AG)X AFXDEssABxFDxC^ : 

.  >P_       AOXAFXDE 

wnenee  jlu  —  pDxOB— AFxDEf 

Taking  E^m  the  middle  of  CD,  GE ss DE,  and  those  Imes  tte  caneelled.  Tk^ung 
P  in  the  middle  of  AD,  AF  =  FD,  and  those  lines  are  eanoelled. 

(199)  The  line  BE  is  harmonically  divided  at  the  points  H  and  A,  from  The  irem 
l£,EGFBaDbeinga''Ck>mpleteQuadriUteraL''  Oonsequenay,AE:EH::AB:HB. 
Hence,  by  « dirisioo,'*  AE  — EH:  AE  ::  AB— HB:  AB.    We  therefore  hayei 

ttnoe  AB-HB  =  AH.  AB  =  ^^^. 

(900)  For  the  same  reasons  as  in  the  last  artiele,  OF  is  harmonically  divided  at  H 
andD;andwehaYeOH:HF::CD:DF;  whenoeOH— HF:CH::OD— DF:GD 

Heoo^  since  GD  —  DF  ss  GF,  GO  as  ^1^^ 

The  other  two  expressions  come  from  writing  GF  as  GH  +  HF,  and  HF  as 
GF— OH. 

(901)  The  equality  of  the  triangles  formed  proves  the  equality  of  the  eorre- 
spondiog  sides  KD  and  DE^  Aa 

(909)  The  similar  triangles  (made  so  by  the  measurement  of  GE)  give 
CD  :  DE : :  GA  :  AB  «  ^^^^. 

(903)  The  shniLv  triangles  (made  so  by  the  parallel)  give  GE :  EA : :  CD :  AB 
GDXEA      GDX(AO— GE) 

-      CB      "°  Cl  ' 

(904)  The  similar  triangles  DFH  and  BCD  give  HF:FD::  DC  :BGs^^^ 

Hm  similar  triangles  FGH  and  ABC  give  FG :  GH  : :  BG :  AB = BO  ^ 

Substituting  for  BO,  its  above  value,  we  have  AB  sa  —  ^  — . 

When  CDsCE;  DFsbCD,  whence  the  second  fonnnk. 

(905)  The  equality  of  the  synunetrical  triangles  which  are  formed,  proves  the 
equality  of  A'B'  to  AB. 

(906)  The  proof  of  this  is  similar  to  the  preceding. 

(90T)  Because  the  two  triangles  ABC  and  ADE  have  a  commoo  angle  at  A 
we  have  ADE :  ABO : :  AD  X  AE :  AB  X  AG ;  whence  the  ezpreasicQ  for  ABC 

(909)  From  B  let  &11  a  perpendicular  to  AO,  meeting  it  at  a  pomt  B*.  Osll 
tUs  perpendicnlsr  BB'  sp.  From  D  let  &11  a  perpendioukr  to  AQ  meeting  il 
at  A  point  D'.    Gall  this  perpendicular  DD'  ^  ^. 


[▲PP.  3.]  For  Part  ?•  sot 

The  quadrilateita  ABCD  ai  AO  X  i  (p  +  ^> 

TIm  triangle  BCXsCBX  ip\  whence p as -1-=^. 

The   dmilar  triangles  EDIV   and  BSB'  give  j»  :  ^  : :  BE  :  D£;  whence 
DE_2.B0EXDE 

'"'be~   cexbe  • 
-^    ,  ,    ,   ,    boe  ,  bcexdb    _,^  _  be+de    „^„       bd 

ThenMi>  +  9)  =  -cE  +  OTxW=^^^CE5BE-^^«^CEXBJ 
La.tly.ABCD  =  ACxBCEXg^  =  BCEX^^ 


DEMONSTRATIONS  FOR  PART  V. 

(SM)  Let  B  :=  the  meamed  inclined  lengtl^  6  as  this  length  redoeed  to  a 
horicootal  plane,  and  Ass  the  angle  which  the  measored  base  makes  with 
the  horison.  Then  6  ss  B  .  eon  A  and  the  ezoess  of  B  orer  5^  i  e., 
B  *»  6  as  B  (1  —  eoB.  A).  6moe  1  —  cos.  A  sb  8  (sin.  i  Af  [Trigonometry, 
Art  (9)1  we  haye  B  — (s=a  B  (sia  i  Af.  Sabstitating  for  sin.  ^.A,  its 
approximate  eqniralent^  i  A  X  sin.  1'  [IVigonometry,  Art  (6)],  we  obtain 
B  — 6ss2  B  (i  A  Xsin.  IJ^i  (sin.  17.A*.B»  8  0.00000004281  A*  B 
Bj  logarithms,  log.  (B — 6)  =  2.696422  -I-  8  log.  A  +  log.  B  The  greater  precision 
of  this  ealcolatton  than  that  of  6  =s  B .  ooe.  A,  arises  from  the  slowneis  with  which 
the  cosines  of  Tcry  smsll  angles  increase  or  decrease  in  length. 

(3§6)  The  exterior  angle  LER  s  LGR  +  OLD.    Also^  LER = LDR  +  CRD. 
.-.LOR+GLDsLDR+CBD,     and  LCR » LDR+ORD-OLD. 

CD 
From  the  triangle  CRD  we  get  sb.  CRD  ssin.  CDR  X  ^^. 

CR 

From  the  triangle  CLD  we  get  sin.  CLDaesin.  LDC  X  ^. 

As  the  angles  CRD  and  CLD  are  reiy  small,  these  ralnes  of  the  sines  may  be 
sailed  the  yalnes  of  the  arcs  which  measure  the  angles,  and  we  shall  hare 

LCR=:LDR  +  sin.  CDR  X  ^— sin.  LDC  X  ^. 

The  last  two  terms  are  expressed  in  parts  of  radiiis»  and  to  haye  them  in  seconds, 
they  must  be  dirided  by  sin.  1"  [l^igtmumetry,  Art  (6),  Note],  which  giyes  the 
formula  in  the  text  Otherwise,  the  correction  being  in  parts  of  radios^  may  be 
brought  into  seconds  by  multiplying  it  by  the  length  of  the  radius  in  seconds ;  L  e, 

^^ot?!«^?^ » 206264".80626  [Trigooometry,  Art  (2) ]. 
8.14169,  dto- 

(Wl)  The  triangles  AOB,  BOO,  COD,  Aa,  giye  the  following  proportions 
fnigonometry.  Art  (12),  Theorem  L] ;  AC  :  OB  : :  sin.  (2)  :  sin.  (1) ; 
OB:  00::  sin.  (4):  sin.  (8);  00 :  OD : :  sin.  (6) :  sin.  (6) ;  and  so  on  around  the 
polygoa  Multiplying  together  the  corresponding  terms  of  all  the  proportion^ 
the  sides  will  all  be  cancelled,  and  there  will  result 

1 : 1 ::  rin.  (2)  X  sia  (4)  X  an.  (6)  X  sin.  (8)  X  sia  (10)  X  sia  (12)  X  sia  (14): 
sia  (1)  X  sb.  (8)  X  sia  (6)  X  sia  (7)  X  sia  (9)  X  sia  (11)  X  sia  (IS). 

Hence  the  equality  of  the  last  two  terms  of  the  proportloa 
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DEMONSTRATION  FOR  PAET  VL 
{999)  In  ifc«  triangle  ABS;  we  hay« 

AflTt       •      -r*ka  AT»     cn»        AB.lill.BAS        «.  MD.  U  ... 

im.  ASB:iiilBAS  ::  AB:SBs8 : — ^_^     ^ — .    ^   ,  fll 

BID.  ASB  aiaS  -' 

In  the  triani^  CBS,  we  have 

_f       <na^        .       «>.r^  n/«     an  BO  .  OT.  BCS  a.flin.y  -_ 

iia. BSO : sin. BOS  ::  BOiSBs — .    ^^^ — as     .    g,  .  [S] 

am.  BSO  am.  S  ^  "* 

__  c .  ttn.  U       tf  •  IID.  Y       «  «««     •    w  •    ««     •     »^         r  ^ 

Henoei  — : — tt-  *= — : — ^w- 1  whenccL «. am.  S  •  flm. U— a.  naS . na  vaaO.  [SI 

In  the  qoadrileteral  ABOS^  we  hare 
BCSb860''^ASB^B8O— ABO—BAS;  or  V=s860**— S— S'— B— U. 

LetTssSeO"*— S^S'— B^andwehaTeYssT  — U.  [41 

BnbstitatiDg  this  Talae  of  Y,  in  equation  [8],  we  get  \!tng^  Art.  (8)], 

e.iinS'ttD.17  — a.8iaS(8iaT.eoe.U«-eoe.T.8ia  ir)asO. 

DiTiding  bj  sin.  IT,  we  get 

e.siaS'  — tf.siaS  ^mn.  T.?^  — coe.T|  asO 

\  SID.  U  / 

Whence  we  have 

Cf»,XS         .„      0.Bin.  S'  +  a.siD.S.ooa  T 

eiD.  IJ  a.  sin.  S. Bin.  T 

Beparatiog  this  expression  into  two  parts^  and  cancelling,  we  get 

.  _  e.sin.  S        .  ooaT 

cot*  U^— ■: — = : — =•+•  -: — = 

a .  am.  S .  sin.  T      sin.  T 

Separating  the  second  member  into  fiictors,  we  get 

COS.  T  /      e,  tan.  S'  \ 

.«.  xm/      «.ain.S'        ,,\ 

cot  UsCOtT  ( : 5 m+lj- 

\a .sin.  S . COS.  T        / 

HaTing  found  IT,  equation  [4]  gi^es  V ;  and  either  [1]  or  [2]  giTes  SB;  and 
lA  and  SO  are  then  giren  by  the  luniliar  ''Sine  proportion"  \T6^  Art  (18)1 


AFP.  B.]  Far  Part  Til.  899 


DEMONSTRATIONS  FOR  PART  VH. 

CP 
(408)  If  APO  be  ft  right  angle,  ^  ss  eoa  GAB  [TrigoDometiy,  Art  (4)1 

(4M)  ACsPO.taii.APO;  and  OBssPO.taaBPOjlVigonometrf,  Art.  (4)} 
Hence  AO :  OB ::  tan.  APO  :  tan.  BPO;  and 

AO :  AO-f  OB  ::  tan.  APO  :  tan.  APO+  tan.  BPa 

OonaeqnenUy.dneeAO  +  OB^AB,      AO  «  AB  •  jj— gl^g-— . 

(414)  The  eqnal  and  Bopplementary  anglei  formed  proTe  the  operation. 

(491)  In  FSg.  886,  0A:£G::AB:Oa     By  "diviaion,"  OA^EG.-EG:: 
AB  — GB  :  GB.     Henoe,   obaerring   that   AB  — GBsaAG,  we   shall  have 

GB(CA— EG) 
^^■"  EG  ' 

(493)     Art   (12),   Theorem  HL,    [Trigonometry,   Appendix  A,]   gives 

cos.Oai     ^     ;  or  ^ ss a* -f  6«  —  2  a6 . cos.  a     This  becomes  [IHg.,  Art 

(6)],  E  being  the  supplement  of  0,  0*  s=  a'  +  ^  +  2  <>^  •  ^o^  E.  The  series  [Trig; 
Art  (5)]  for  the  length  of  a  cosine,  gives,  taking  onlj  its  first  two  termt^  smoe  K  ia 
▼erf  small,  cosl  E^  1  —  )  E*.    Hence, 

s»«.a»+ 6«+ 2  aft  —  «5  E«=s (a  +  6)«-a*  B?  =  (a  +  V  (1  — ,.^5L)  . 

\        (a+0}/ 

whrnc  «=(<,  + J)  ^(l_^.f5_). 

Developing  the  quantity  nnder  the  radical  sign  by  the  binomial  theorem,  and  neg- 
lecting the  terms  after  the  second,  it  becomes 

Subetitnting  for  E  minutes,  E .  sin.  1'  [Trig.,  Art  (6)],  and  performmg  the  mnlii* 
plication  by  a  4-  ^^  we  obtain 

,  -       oft  E*.  (sin.  1')"     „     (sin.  10*      ^^^^^,,^^^^^ 
eaa+6 ^,  \  ,.     .    Now* — t-^= 0.0000000428079; 

a{Q^  O)  a 

o&E* 

whence  the  formolam  the  text,  c  as  a -f  (  — 0.000000042808  X  ~-rT* 

(480)  In  the  triangle  ABO,  designate  the  angles  as  A  B^  0 ;  and  the  sidea  of^ 

positetothemaso^  a^c.    LetODadL    The  triangle  BOD  gives  [Trig,  Art  (12), 

«-  —  .sin.BDO     -.    ^  .      ,    A«^  .   .*    1     .       ,       .    da  ADO 

TlieoremI],  aflB<i-r— 7=H=r.    The  tnangle  AOD  suularly  gives  5  a  <{  •  -; — ;rr^ 

sm.  OBD  ^  •'  "  sm.  GAD 

In  the  triangle  ABQ  we  have  [Trig.,  Art  (12^  TheoremlL], 

tan. i  (A  — B)  :  cot  i  0 ::  a»6  :  «-f  5; 

wh«nee  tan.l(A  — B)aB|^.cot  ja  [1] 

I«l  X  be  an  auxiliary  angle,  such  that  ftsa.tan.  E;  whence  tan.  Eai- 


1 
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DiTiding  the  leoond  member  of  equation  [1],  above  and  below,  by  a,  and  sobstita- 
ting  tan.  K  for  J,  we  get  tea  i  (A-B)=|^^| .  cot  *  a 


taa  45*  SB  1,  we  may  eabttitate  it  for  1  in  the  preceding  etitiatkn,  and 

tan.  46**  —  tan.  K 
w,  get  tan.  i  (A- B)  =^jjj-jjy^j-^;j^.o»t  *  a 

F^om  the  expreesion  for  the  tangent  of  the  difference  of  two  ares  [IV^  Art 
(8)]t  the  precedipg  fraction  redocee  to  tan.  (46*  —  K) ;  and  the  equation  becomes 

tan.i(A^B)=stan.(46*  — K).cot)a  [S] 

In  the  eqnation  taa  K  ss  —,  enbetitnte  the  yalaee  of  b  and  a  from  the  fonnnlaa 

at  the  heginniiy  of  thia  inTeatigation.    This  gtree 

tan.  IT  — /I  MP.  ADC  ^      Bin.  BDC  _^  ain.  ADO .  na  CBD 
■iaOAD  '       aia  OBD  *"  eia  CAD .  eia  BDCT 

(A  —  B)  is  then  obtained  bj  equation  [2] ;  (A  +  B)  is  the  supplement  of  O 
th«refore  the  angle  A  is  knowa 

_.  .  _      a .  sia  0      (f .  sia  BDO .  sm.  ACB 

Then  e  s:  AB  S9  ■   s= . 

xumi  V      Ao        ^^  sia  OBD . sm.  CAB 

The  use  of  the  auxiliarj  angle  K,  aToids  the  calculation  of  the  sides  a  and  A 

(4S4)  In  the  figure  on  page  292,  produce  AD  to  some  point  F.    The  exterior 

angles  £BOasA+P;   £GDssA  +  Q;    £DF  =  A+R.     The  triangle  ABB 

BE      Ma  A     ,_.     ^.      ,    .^-M    .  CE        sia  A      _.  ...  , 

givea  —  ^-: — =7.    The  tnangle  ACE  giyes  — : —  =  -: — ;r.     Dividing  member 
^         a       bulF  ^  "«  +  «      sia  Q 

,  ,  ^BE  a.nn.  Q 

by  member,  we  get  gg  =  jj^P^-jj;-p 

In  the  same  way  the  triaoglee  BED  and  CED  give  rT-^""'  /»      Jt 

0  +  «      sia  (K  ^  r) 

,CE      sia(A  +  R)     ,^  V  r       BE      (6  + «)  sia  (R  —  Q) 

and  -r-  s  .    )„         ',    Whence  as  before,  ==  ss      T    ■     /»      ^.     " 
b       sia(R  — Q)  'CE  6.sia(R— P) 

Equatmg  these  two  values  of  the  same  ratio,  we  get 

g.siaQ  (6  +  g)sia(R.-Q)        -  ^, 

.     ,     .   ; — 5=     .     .     ,p      p>    ';  and  thence 
(a  +  «)  sm.  P  6 .  sm.  (R  —  P) 

To  solve  this  equation  of  the  2d  degree,  with  reference  to  x,  make 

,y_    4ab       8iaQ(siaR  — P) 
*^  ^      (a— 6)*  '  sia  P  (sia  R— Q)' 

Tlien  the  first  member  of  the  preceding  equation  ^^  •  (a —  ()'  X  taa'K*  and 
we  get  a:"  +  (a  +  6)a:=:i(a— 6)*-taa»K  —  a6, 

and  a:=— i  {a  +  b)±y/[i  (a  — 6)*.tan.*K  — a&  +  }  («+&)*1 

=-i  («  +  *)  ±  -/  [i  (a-6)«.taa«K  +  \  (a-6)«] 

«-i(«  + ft)  ±  *(«-*)%/ (taa*K  +  l). 

Or,  smce  ^(t«a»  K  +  1)  =  8ecant  K  = r7,wo  have  a;  = — ^"T    ±   ^  ^^^ 

COS.K  2  2.coa.K 


arw.  B.1 


For  Pan  XI. 
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DEMONSTRATIONS  FOR  PART  XL 


(4M)  The  oonUnt  being  grren,  and  the  length  to  be  »  ttniee  the  breadth 
Breadth  X  n  times  breadth  ^  content ;  whence,  Breadth  s*^  f 1. 

Ghren  the  content  sse^  and  the  difference  of  the  length  and  breadth  as  if;  to 
find  the  length  /,  and  the  breadth  6.  We  hare  /  X  b^e;  and  /  — 6ssdL  From 
these  two  equations  we  get  /  =  i  J  -f-  i  ^  (<^  +  4  «)i 

Oiren  the  content  ^«;  and  the  turn  of  the  length  and  breadth  :s  « ;  to  find  I  and  6. 
?rehaT0/X6se;  and/+6a«;  whence  weget /ait-f'^^(«'— 4  0> 

(404)  The  first  rule  is  a  consequence  of  the  area  of  a  triangle  being  the  prodoet 
of  its  heigfat  by  half  its  base. 

To  get  the  second  mle^  call  the  height  A ;  then  the  base  ^s  mh ;  and  the  area 
Tsik  Xmhi  whence  A»j/  (^  ^J^Y 

For  the  equilateral  triangle,  calling  its  side  e,  the  formula  for  the  area  of  a  triangle 
V  [»•)(*  «-«)»«-*)(i«-<^)l  reduces  tois«V8.Hencee«2|/(^) 

(4M)  By  Art  (66^  Note,  }.  AB  X  BC  X  ein.  Bsomtent  of  ABO ;  whenos^ 
8XAB0 


BO 


AB  •  sin.  B' 


(4M)  Hie  area  of  a  eirde  =  radius  '  X  -r- ;  whence  radinsas  i/ 1 


_    //7  X  area\ 


22      7 


(49T)  The  blocks^  bduding  half  of  the  streets  and  aTenues  around  them,  are 
•00  XS60S  284000  square  feet  This  area  gires  64  lots ;  then  an  acre,  or  48560 
foet^  would  give  not  quite  12  lots. 

(M9)  The  parallelogram  ABDO  being  double  the  triangle  ABO,  the  proof  foi 
Art  (496X  slightly  modified,  applies  hero. 

(M4)  Produce  BO  and  AD  to  meet  in  £  I1g.8M^Uk 

By  similar  triangles, 

ABE :  DOE : :  AB* :  DO*. 
ABE  — DOE :  ABE : :  AB*— DC^ :  AB* 

Now  ABE  — DOE=sABCD;    also^   by 
Art  (85),  Note, 

ABE^AB*.""-^''^^. 
•2.sin.(A+B) 

The  aboTO  proportion  therefore  becomes 

ABCD:AB*./'^/;"°:^,;;AB'-OD';Ay, 
2 .  sm.  ( A  +  B) 

Multiplying  extremes  and  moanS)  cancelling^  transposing,  and  extnotiiv  the  iqi 

26 
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When  A  +  B  >  180^  nn.  (A  -f-  B)  is  negatire.  and  therefore  the  fraetioo  it 
which  it  oooon  becomes  positira 
OF  being  drawn  parallel  to  DA,  we  have 


sJaBOF     *      810.(180*— A— B)     ^ —  'iiii.(A-fB) 

(90ft)  Since  wnilar  triangles  are  as  the  squares  of  their  hooiologoas  sidtt^ 
BDE :  BFQ : :  BD* :  OT«;  whence  BF  =s BDi//|^y 

(M6)  BFOsBi.BF  X  FGsi.BF  X  BF. ton.  B; 

(MO)  By  Art.  (65).  K<^  BFO-BF-.^^^, 

whaoee.  BF  =  ^('-^<°  + ■'>•/"*). 

r    V        sm.B.sin.F        / 

(511)  The  final  formula  resnlts  from  the  proportion 

FAB :  GDE ::  AE* :  ED*. 

(519)  Since  triangles  which  haye  an  angle  in  each  equal,  are  as  the  prodiMtiii 
the  sides  about  the  equal  anglea^  we  have 

ABE  :  GDE : :  AE  X  BE :  CE  X  DE. 

Substituting  these  yalues  in  the  preceding  proportion,  canceDing  the  common  §§c 
tor^  observing  that  sin.  (A  +  B)  =s  sin.  E,  multiplyiog  extremes  and  means^  and 
,.'.,.  .  -.-,  // 2. ODE. sin.  DOE V 

dmdmg.  we  get  DE  =/ (  ^  ^.sin.  ODE  > 

(515)  The  first  formula  is  a  consequence  of  the  expression  for  the  area  of  ■ 
triangle,  given  in  the  first  paragn^h  of  the  Kote  to  Art  (66). 

(517)  Tlie  reasons  for  the  operations  in  this  article  (whieh  are  of  Teiy  frequent 
occurrence)^  are  self-eyident. 

(518)  The  expression  for  DZ  follows  ft^>m  Art.  (65),  Note.  TTie  propcrtiQii  in 
the  next  paragraph  exists  because  triangles  having  the  same  altitude  are  as  tfaek 
basesL 

(510)  By  construction,  GPO  s  the  required  content  Now,  OPO  s  GDQ  sinee 
they  have  the  same  base  and  equal  altitudes.  We  have  now  to  prove  that 
LMO  ss  GDO.  Tliese  two  triangles  have  a  common  angle  at  C  Hence,  thej  an 
to  each  other  as  the  rectangles  of  the  adjacent  sides;  l  e., 

GDO :  LMO ::  GO  X  OD : :  LO  X  OM. 

Here  OM  is  unknown,  and  must  be  eliminated.    We  obtain  an  eipwsacB  ftr  II 
hj  means  of  the  simikur  triangles  LOM  and  LEP,  which  give 

LE:  LO::EPs=OD:OM. 
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Henoe,  CMib — =^= — .    Substitating  thisyalue  of  CM  in  the  first  proportioG, 
and  fMKwHing  OD  in  the  last  two  temu^  ire  get 

Tnt 

6I>0:LM0::aC:^;  or  ODO :  LMG : :  GO  X  LE  :  LO*. 

IiC"«(LH  +  HO)«=sLBP  +  2  LH  X  HO  +  HC". 

Bntk  hf  eomtmetioi^ 

LH*«bHE'sHEP— EK*  =s  HEP- EG*  =s(HE+£C)  (HE-EO) asHC  (HE— EGX 

Alflo^  GG  =  2H0;  and  LE s=  LH  +  HE. 

Sabstitnting  theae  Talnea  in  the  last  proportion,  it  becomes 

ODO :  LMC ::  a.HC(LH  +  HE) :  HC  (HE— EC)  +  8  LH  X  HC  +  HC*. 
: :  a  LH  +  2  HE   :  HE— EC  +  2  LH  +  HC. 

:  HE  — EC  +  2  LH  +  HE  +  EC. 
:  2HE  +  2LH 

Tisie  laat  two  terms  of  this  proportion  are  thos  prored  to  be  equal.   Therefore,  the 
first  two  terms  are  also  eqoal ;  i  e.,  LMC  asODCss  the  required  content. 

Since  HK  as  ^  (HE*—  JSP),  it  will  hare  a  nsgative  as  well  as  a  positive  yalne. 
It  may  therefore  be  set  off  in  the  oontrarj  direetion  from  1%  L  ei,  to  L'.  The  line 
drawn  from  L'  throogh  P,  and  meeting  CB  produced  beyond  B»  will  part  off  asi- 
Mer  triangle  of  the  required  oontent 

(990)  Suppose  the  line  LM  drawn.    Then,  bj  Art  (65),  Vote,  the  required 

content,  es  j^  •  CL  X  CM .  sia  LCM.    This  oontent  will  also  equal  the  sum  of  the 

two  triangles  LCP  and  MCP ;  i.  e.,  es  i  •  CL  X  ;>  +  i  •  CM  X  9.    The  first  of 

2  0 
these  equations  gives  CM  as  --^ — : — =--<.    Substituting  this  in  the  second  equa- 

C/Jj .  sin.  lAjM. 

ttoo^wehare  cLv«4._fi_ 

*^*-^^^  +  CL.sin.LCM- 

Whence,  i  ;» .  CI? .  sin.  LCM -f  e^  k  0 .  CL .  sin.  Ldl 

TVansposing  and  dividing  by  the  coefiicient  of  CI?,  we  get 

CL* -CLas : — i-—. 

p  p  .  am.  CLM 

^=J±|/(p-^.,L.'1om)- 

If  the  given  point  is  omttide  of  the  lines  CL  and  CM,  conceive  the  desired  line 
to  be  drawn,  from  it»  and  another  line  to  Join  the  given  point  to  the  comer  of  the 
field  Hen,  as  above^  get  expressions  for  the  two  triangles  thus  formed,  and  put 
their  sum  equal  to  the  expression  for  the  triangle  whidi  comprehends  them  both» 
and  thence  deduce  the  de^red  distance^  nearly  as  above. 

(699)  The  difference  d,  between  the  areas  parted  off  by  the  guess  line  AB^  and 
the  required  line  CD,  is  equal  to  the  difference  between  the  triangles  AFC  and  BPD 

By  Art  (66X  Note,  the  triangle  APC  s  t- AP-T*  f  /  ^A 

^^  sin.  (A  +  P) 

ttidlaily  the  triangle  BPD«i.  BP«'^  ^'  ""L^. 

sin.  (15  "f»  r) 

sm.(A-fP)       ■_        sin.(B-fP) 


404  wmwunLkTwa  i 

By  the  o^TCMiMi  te  an.  («  +  6)  (1MsaB0M«(7.  Art.  (8)],  wahav* 


Dmdmg  each  frictiao  bj  ito  nimicnitflr,  and  remcmberii^  thai  -: —  ^  eot  m^  w« 

hATe  jAP jBP" 

cotP-feokA      cot  P-feotB' 

For  eooTenienec^  let  p  aseol  P ;  «  as  eot  A ;  and  ft  sscot  BL  Tlia  abore  eqiialioa 
wfll  theo  nad,  mutd^^kjing  both  ndaa  by  % 


CUaring  of  fraetioiiii^  ire  haTo 

Trumpomng,  diriding  tiirougfa  bj  2  <(  and  aeparatiag  into  fiwtoi%  we  get 
-../.*      AP"  — BP«\         6.AP«— «.BP»        . 

If  AsB90*,oot  A^assO;  and  the  ezpreHion  redneea  to  tbe  nnpler  fanm 
gireo  in  the  artide. 

(698)  Coneeire  a  perpendicular,  BF,  to  be  let  fall  from  B  to  the  required  line 
PB.  Let  B  represent  the  angle  DB^  and  ^  the  unknown  angle  DBF.  The  angle 
BDFas90*^^;  and  the  angle  BEF=  90"*— (B— ^)sb90''— B  +  /I.    Bf  Ait 

(65).  Note,  the  are.  of  the  triangle  DBE=:|  ^^ '  Z.'S^itBm  ' 
|.pg.>°-(W^-ff«'>-(«)^-B  +  ^) 


Heoce,    D1>s-t 


siaB 

2  X  D6E  X  ain.  B  2  X  DBS  X  ain.  B 


iixL(90'*— ^).flin.(90''  — B  +  /0       eo&  ^.coc  (B— /I)' 

Kow  in  order  that  DE  may  be  the  least  possible,  the  denominator  of  the  last 
fraction  must  be  the  greatest  possible.  It  may  be  transformed,  by  the  fonnula^ 
eos.a.ooa.  6si  oosi  (<> -f  ^)  +  i •  ooa-  (« —  b)  [Trigonometry,  Art  (8)],  into 
i  eon  B-f  i*coa.  (B  — 2^.  Since  B  is  constant,  the  Talne  of  this  ezpressioo  de> 
pands  OD  its  seeood  tenn.  and  that  will  be  the  greatest  possible  when  B—> 2  ^sQ, 
in  which  eaae  ^  ^  i  R 

It  henee  appears  that  the  re<]aired  line  DE  is  perpendicnhur  to  the  line^  BF, 
which  biseota  the  given  angle  B,    ThiagiTesthedSfwetfOfiinwhiehDBistobenm. 

Its  starting  point»  D  or  £^  is  found  thus.  The  area  of  the  triangle 
DBEss}BD.BE.sin.B.    Since  the  triangle  is  isoeeele^  this  becomes 

DBE8b:|BP«.  sin.  B;  whence BDssj//^^^). 

PE  is  obtained  from  the  ezpression  for  DE*.  which  becomes^  making  ^  ib  ^  Bi 

_  _,  _  2XjraEXBn^      ,  „      ^(2.DBB.BiaB) 

^^"eos.iB.coaiB'  ^^^'^^^^  ^^°  coi^iB 
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(M4)  Let  astsTalne  per  aere  of  one  portion  of  the  Ift&d,  end  h  that  of  the 
ether  portion.    Let  caethe  width  required,  BO  or  AJ>.     Then  the  vejoe  d 

BCFEsa  X  ^^^^,  and  the  yaloe  of  ADFE  =  6  X  '^  ^  ^. 

Putting  the  mm  of  theee  equal  to  the  yalae  required  to  be  parted  ofl^  we  obtain 
yalne  required  X  10 
•"*  aXBE  +  6XAE  ' 

{M9)  All  the  oonetmetioDe  of  this  artiele  depend  on  the  equiTaleney  of  trian* 
glee  whioh  haye  equal  baiei^  and  lie  between  parallelt.  The  length  of  AD  ie  de> 
riyed  from  the  area  of  a  triuigle  being  equal  to  iti  baee  by  half  ite  altitude. 

(597)  Since  similar  trianglee  are  to  each  other  as  the  squares  of  their  homolo> 
gous  sides, 

ABO :  DBB ::  AB» :  BD« ;  whence  BDssAB  4/5??= AB  i/-^. 

r    ABO  r  m  •+'  ia 

The  construction  of  Fig.  868  is  founded  on  the  proportion 

BF:  BG  ::BG :  BA;  when  BDa=BG «^(BA  X  BF)  =r B A i/jj^ 


n 


(598)  Bj  hypotheeis,  A£F :  EFBO  t:  m  :  n;  whence  AEF :  ABO  : :  m  :  m-\-n 
and  AKF  SB  ABO --^=^5-^—.—^.     Also,  AEF  =  J  .  AE  X  BP. 

HI  "I"  W  <•  IW  -f"  H 

The  similar  triangles  AEF  and  ABD  giye  AD :  DB  ::  AE :  EF  ss  ^^^^=^.    The 

eeoond  expression  for  AEF  then  becomes  AEF  ss  |  AE  • ■^=r — k 

this  with  the  other  yalue  of  AEF,  we  haye 


AOXDB       m     _AgxDB 
2         'm  +  n"    2. AD 


;  whence  AE  =  |/(aO  X  AD  X  ^^^r^)' 


(580)  In  Fig.  866,  the  triangles  ABD,  DBO,  haying  the  same  altitude,  are  to 
each  other  as  their  basee. 

In  the  next  paragraph,  we  haye  ABD :  DBO : .  AD  :  DO : :  in : « ;  whence 
AD :  AO  ::m:m+n;  and  AO  :  DO  ::  m  +  **:** *>  whence  the  expressions  for 
AD  and  Da 

In  Fig.  867,  the  expression  for  AD  is  giyen  by  the  proportion  AD :  AO  ::mim-\-n, 
Suniburly  for  DS;  and  Ea 

(581)  In  Sig.  868,  ccmceiye  the  line  EB  to  be  drawn.  The  triangle 
4EBsf  ABQ  haying  the  same  altitude  and  half  the  base;  and AFDsAEB^ 
Decavse  of  the  equiyaleney  of  the  trianglee  EFD  and  SFB;  which,  with  AEF,  make 
npAFDandAEB. 

The  point  F  is  fixed  by  the  similar  triangles  ADB  and  AEF 

The  expression  for  AF,  in  the  last  paragraph,  is  giyen  by  the  proportion, 

ABO  :  ADF::  AB  X  AO :  AD  X  AF; 
, ._      ABXAO    ADF     AB  X  AO       m 

^""•"^  AF — j^ — jgg — AD~'ir+;;- 

(589)  The  areas  of  triangles  being  equal  to  the  product  of  their  altitndee  bf 
telf  their  baseSi  the  constructions  in  Fig.  869  and  Fig.  870  follow  thAi^from. 
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(MB)  In  Fig.  871,  oooceiFe  the  line  BL  to  be  drawn.  The  triangle  ABL  wiU 
be  a  third  of  ABO,  hariDg  the  seme  altitude  and  one-third  the  base ;  and  A£D  is 
equiyalent  to  ABI^  becaoBe  £LB  =:-  ELD,  and  A£L  is  common  to  both.  A  similar 
proof  applies  to  DGG. 

(534)  In  Fig.  872,  the  four  smaller  triangles  are  mntnallj  eqoiTalent,  because 
of  their  eqoal  bases  and  altitndei^  two  pairs  of  them  lying  between  parallels. 

(535)  In  Fig.  878,  oonoeiTe  AE  to  be  drawn.  The  triangle  AEOs^.  ABC, 
haying  the  same  altitude  and  half  the  base ;  and  EDFG  ^  AEC,  because  of  tlie 
oommoQ  part  FEO  and  the  equivalency  of  FED  and  FEA. 

(536)  In  Fig.  874,  in  addition  to  the  lines  used  in  the  problem,  draw  BF  and 
DG.  The  triangle  BFC  ss  i  ABO,  having  the  same  altitude  and  half  the  baae. 
AIbo^  the  triangle  DFG  =  DFB;  because  of  t&e  parallels  DF  and  BG.  Addmg  DFC 
to  each  of  these  trianglei^  we  have  DOG  asBFO  s^  ABO.  We  have  then  to 
prove  LMO  ss  DOG.  This  is  done  precisely  as  in  the  demonstration  of  Art  (519J^ 
page  402. 

(537)  LetAE  =  x,ED=y,  AHsa^.HFsy',  AEsc<i,EB  =  fr. 

The  quadrilateral  AFDE,  equivalent  to  |  ABO,  but  which  we  will  repres^t^ 
generally,  by  m*,  is  made  up  of  the  triangle  AFH  and  the  trapeaoid  FEED. 

AFH=si.«y.  FHED=r|(«— ar')(y  +  y'). 

.-.  AFDE  =  m«  =  i.«y  + i  («  —  «')  (y  +  y')  =4  «(y  +  y')  —  *«'y- 
The  similar  triangles,  AHF  and  AEB,  give 

a :  6 : :  «  :  y  =  — . 

a 

Bubstitnting  this  value  of  y'  in  the  expression  for  m*,  we  have 


»»• =i  «  (y  + -^)  — iif'y ; 


whence  «'  -  «(2>^'-^)_AK(iAB0^AExED) 

wnenoe.  «—     bx-^ay      *"  KB  X  AE— AK  X  ED' 

The  formula  is  general,  whatever  may  be  the  ratio  of  the  area  m>  to  that  tk 
the  triangle  ABO. 

(58§)  In  Fig.  876,  FD  is  a  line  of  division,  because  BFssthe  triangle  BDF 
divided  by  half  its  altitude,  which  gives  its  base.    So  for  the  other  trian^es. 

(539)  In  Fig.  877,  DG  is  a  second  Ime  of  division,  because,  drawing  BIv  the 
triangle  BLO  =  \  ABO ;  and  BDGO  is  equivalent  to  BLO,  because  of  the  common 
part  BOLD,  and  the  equivalency  of  the  triangles  DLG  and  DLR 

To  prove  that  DF  is  a  third  line  of  division,  join  BID  and  MA.  Then 
BMA  s=  \  BGA.    From  BM A  take  MFA  and  add  ito  equivalent  MFD,  and  we  have 

BfDFB  =  iBGA  =  i(ABDG  — BDG)=ri(iABO  — BDG)ss}ABO— iBDG. 

To  MDFB  add  MDB,  end  add  its  equivalent^  \  BDG,  to  the  other  side  of  the  equa- 
tion, and  we  have 

MDFB  +  MDB  =  4AB0  — iBDG  +  iBDG;  or,  BDF ss  J  ABO. 

(540)  In  Fig.  878,  the  triangle  AFO  =s  }  ABO,  having  the  same  base  and  one- 
third  the  altitude.  The  triangles  AFB  and  BFO  are  equivalent  to  each  other 
each  being  composed  of  two  tnaoglet  of  equal  bases  and  altitudes;  and  each  i.^ 
therefore  soe- third  of  ABO. 
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In  Fig.  879,  AFO :  ABO  : :  AB :  A6;  nnee  these  two  triangles  have  the  oommon 
base  AC,  and  their  altitades  are  in  the  above  ratia  So  too,  BFC :  ABO : :  BE :  BA 
Henee^  the  remaining  triangle  AFB :  ABO  : :  DE :  AB 

(541)  By  Art  (66X  Note,  ABO  =  i  AC  X  OB  X  sin.  ACB.  But  the  angle 
AOBaBACD+DCB=i  (180**— ADC)+i  (180^— CDB)  =  180°-i  (ADC+ODB). 
Henoe,  ABO  =  i  AC  X  OB  X  sin.  ^  (ADO  +  CDB)  =  ^  AC  X  CB  X  nn.  i  ADB 

Let  r  =  DA  =5  DB  =  Da  Since  AB  is  the  chord  of  ADB  to  the  radius  r,  and 
therefore  equal  to  twice  the  sme  of  half  that  angle,  we  have 

•     1     ATM>       ^^        u            ATjn       lAriK^nuw-^         a          ABXBOXCA 
bulJ.ADBss— ;  whence,  AB0  =  4A0XCBX— ;widr=s — 47X66 

A\bo,  since  the  area  of  each  of  the  three  small  triangles  equals  half  the  product  of 

the  two  equal  sides  into  the  sine  of  the  included  angle  at  D,  these  triangles  will 

be  to  each  other  as  the  sines  of  those  angles.    These  angles  are  found  thus : 

AB  BP  AP 

siaiADBss^;  siaiBDO  =  ^;  sin.iADO  =  ^. 

■  2r  2r  2r 

(543)  The  formulas  in  this  article  are  obtained  by  substituting,  in  those  of  Art 
(528),  for  the  triangle  DB£;  its  equivalent     ^     X  i  AB  X  BO  X  sin.  B» 

r    \m  + «  sin.  B         /       f    \m^n  / 

-•(sT^XABXBOXsiaiB)       rfn.B        //    m  ^         \ 

andDEa      ^*-*-" j-= /=:±^- .  i/(— ^XABxBO). 

cos.  i  B  cos.  iB     r    \m  +  n  / 

(543)  The  rule  and  example  prove  themselves. 

(544)  In  Fig.  888,  conceive  the  sides  AB  and  DQ  produced,  to  meet  in  some 
point  P.     Then,  by  reason  of  the  similar  triangles,  ADP :  BOP : :  AD* :  B(7 
wfaene^  by  *' division,**  ADP  — BOP  =  ABOD :  BOP : :  AD*  — B0> :  B0«. 

In  like  manner,  comparing  EFP  and  BOP,  we  get  EBOF :  BOP : :  EF*—BO> :  BO** 
Combining  these  two  proportions^  we  have 

ABOD:EBOP!:  AD«— B0«:  EF«— B0»; 
or,  in  +  f»:m::AI>«— BO«:EF"  — B0«. 

Wbenoe^  (m  +  «)EF*  —  m.BO*  — »B0*  =  m.  AD«  — m.BC*- 


.^^^^mXA^+>XBOy 


tn  +  n 
A]s(\  from  the  sunilar  triangles  formed  by  drawing  BL  parallel  to  CD,  we  haw 

AT    -n^     «*     ™      BAXEK     AB(EF  —  BO) 
AL:EK::BA:BE  =  — ^j— =-^^--^ 

(545)  Let  BEFO  =r -^  •  ABOD  =  a ;    let   B0=(;    BH  as  A;    and 

AD'BOsBA  Al8oletBO=:«;andEF=y.  Draw  BL  parallel  to  CD.  Bysim 
iLurtriaogl«i^AL:£K::BA:BE::BH:BG;  or,  AD-BO :£F-BO-:BH :B0; 

LeL,«:«  —  6::A:«;  whence » =— S=- \ 

Abo,tfa«areaBEFO=:assi.BG(EF+BO)  =  i«(y+&);  whenoeyas— ^* 
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SubftitutiDg  this  vmlue  of  y  in  the  ezpreMion  for  x,  an4  redueing,  we  obtain 

,  2hh  2a*       .  ,  hh  ,       //2  ah  .  ft«*i\ 

«  + «s= ;  whence  we  hayear as— — ±  4/  I 4.  — --1. 

c  e  e       y  \   e      *     €^  / 

The  leoond  proportion  aboTe  gives  y  — > (  ^-7- ;  whence  y  ss  6  -f*  r  *  *- 

Replaobg  the  symbols  by  their  lines,  we  get  the  formalas  in  the  text 

(546)  ABEF  s  }  ABOD.  Bat  ABRP  as  ABEF,  because  of  the  common  paH 
ABRF,  and  the  triangles  FRP  and  FRE,  which  make  up  the  two  fignie^  and 
whidi  are  equiyalent  beeanse  of  the  parallels  FK  and  PK    So  for  the  other  parte. 

(MT)  The  truth  of  the  foot-note  is  evident  since  the  first  line  bisects  the  trap 
peloid,  and  any  other  line  drawn  through  its  middle^  and  meeting  the  parallel 
sides,  adds  one  triangle  to  each  hal(  and  takes  away  an  equal  triangle ;  and  tfana 
does  not  disturb  the  equivalency. 

(54§)  In  Fig.  886,  since  EF  is  parallel  to  AD,  we  have  ADG :  EOF : :  OH* :  0K\ 
EOF  is  made  up  of  the  triangle  BOO^o',  and  the    quadrilateral  BEFCa* 

am  «•  

•  ABCD  =  — -p —  •  (a  —  a').    Hence  the  above  proportion  becomes 


>i4"**  tn  +  n 

{m+n)  a :  ma  +  na' ::  0H» :  0K«;  whence  OK  =s OH  i/^^^^t^ V 

Y  Mm  +  n)a/ 

OK 
OE  is  given  by  the  proportion  OH':  OK ::  OA  :  OEasOA  •  -^g. 

In  Fig.  886,  the  division  into  p  parts  is  founded  on  the  same  principle.    Tli« 

triangle  EFO=OBG  +  EF0B  as  a' -f^    Now  ADO  :EFO::  AO*:£Os; 

^  Q 


iH-, 


a'  +  Q:«'  +  -::AO«:Eb*;  whence  OE  as  AO|/^l-j-|.j. 


2Q 
OL  is  obtained  by  taking  the  triangle  LMO  )=  «'  +  — —  ;  and  so  for  the  rest 

(559)  In  Fig.  890,  join  FO  and  OC.  Because  of  the  parallels  CA  and  BF,  the 
triangle  FCD  will  be  equivalent  to  the  quadrih&teral  ABCD,  of  which  OCD  will 
therefore  be  one  half;  and  because  of  the  parallels  OE  and  CH,  EHIX)  will  be 
equivalent  to  OCD. 

(553)  In  Fig.  891,  by  drawing  certain  lines,  the  quadrilateral  can  be  divided 
into  three  equivalent  partly  each  composed  of  an  equivalent  trapezoid  and  an 
equivalent  triangle.  These  three  equivalent  parts  can  then  be  transformed,  by 
means  of  the  parallels;  into  the  three  equivalent  quadrilaterals  shown  in  the 
figure.    The  ftdl  development  of  the  proof  is  left  as  an  exercise  for  the  student. 

In  Fig.  892,  draw  OO.  Then  CBO  ss  i  ABOD.  But  CKQ  ax  OOQ.  Tberefore 
OKQB  tsi  i  ABCD.    So  for  the  other  division  line. 

(556)  The  division  of  the  base  of  the  equivalent  triangle,  divides  the  polygot 
similarly.  The  point  Q  results  from  the  equivalency  of  the  triangles  ZBP  and  ZBQ 
PQ  being  pamllel  to  BZL 
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IHTBODTCTIOS  TO  LEVELLnrO. 

(1)  The  Principles*  Li^nLuve  u  the  art  of  findiiig  lioir  xaiteh  on«  poinl 
M  hi^r  or  lower  than  another;  L  e^  bow  mnch  one  of  the  points  ig  above  or  below 
a  leTel  line  or  anrfaoe  wMdi  passes  through  the  other  point. 

A  lewd  or  horiwotUal  lint  is  one  which  is  perpendioilar  to  the  direction  of  graT- 
ity,  as  indicated  by  a  plamb-line  or  similar  means.  It  is  therefore  parallel  to  the 
surface  of  standing  water. 

A  Uod  or  kortMontal  9wrfae$  is  defined  m  the  same  way.  It  will  be  determined 
by  two  lerel  lines  which  intefseet  each  other.* 

LevelliDg  may  be  named  Ybbtidal  Suavaimo,  or  Ujhmhd^kwn  Bunteying;  the 
subject  of  the  preceding  pages  being  fforiaontal  Surveying,  or  RigU-<md4eft  and 
Foro-€md^ft  Bwrvoying, 

All  the  methods  of  Horiaontal  Surveying  may  be  need  in  Vertica]  Surveying. 
The  one  which  will  be  briefly  sketched  here  corresponds  precisely  to  the  method 
of  "  Surveying  by  ofiiMti^"  founded  on  the  Second  Method,  Art  (6X  "Beetangular 
Co-ordinate%*  and  fully  explained  in  Arts.  (114),  Ac 

The  operations  of  levelling  by  this  method  consist,  firstly,  in  obtaining  a  level 
line  or  pbme ;  and,  secondly,  in  measuring  how  far  below  it  or  above  it  (usually 
the  former)  are  the  two  points  whose  relative  heights  are  required. 


^ 


n»<i& 
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(9)  The  Instnunento.  A  level 
line  may  be  obtained  by  the  following 
simple  instrument  called  a  "  Plunib4ine 
leoeV*  Fasten  together  two  pieces  of 
wood  at  right  angles  to  each  other,  so  as 
to  make  a  T»  ftnd  draw  a  line  on  the  up- 
right one  so  as  to  be  exactly  perpendicu- 
lar to  the  top  edge  of  the  other.  Suspend 
a  plumb-line  as  in  the  figure.  Fix  the  T 
against  a  staff  stuck  in  the  ground,  by  a 
•erew  throu^  the  middle  of  the  croes- 
Diece.  Turn  the  T  tiU  the  plumb-lme 
exactly  covers  the  line  which  was  drawn. 

Then  will  the  upper  edge  of  the  cross-piece  be  a  level  line^  and  the  eye  can  sigfal 
across  it,  and  note  how  far  above  or  below  any  other  point  this  level  line,  pro- 
longed, would  strike  It  will  be  easier  to  look  across  sights  fixed  on  each  end  of 
the  cross-piece^  making  them  of  horsehair  stretched  across  a  piece  of  wire^  bent 
nto  three  sides  of  a  square^  and  stuck  into  each  end  of  the  oross>pieoe ;  taking  ears 
that  the  hairs  are  at  exactly  equal  heights  above  the  upper  edge  of  the  cross-piece. 


*  Offtatn  nnan  ecwfcttpni^  to  b«  h«retft«r  ezplalnad,  will  be  ignored  ibr  ths  pnttnt,  sad  wt 
•HI  ooutdflr  loTol  ttnts  as  ifcniffbt  Unci,  and  IotoI  shiAmm  as  planes. 
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A  modification  of  this  is  to  futen  a  common  Fig.41& 

carpenter's  square  in  a  slit  in  the  top  of  a  ataff,    ^jf*' 
by  means  of  a  sorew,  and  then  tie  a  plnmb-line 
at  the  angle  so  that  it  may  hang  beside  one  arm. 
When  it  has  been  brought  to  do  so^  by  turning 
the  square^  then  the  other  arm  will  be  IctcL 

Another  simple  instrument  depends  upon  the 
Drindple  that  ''water  always  finds  its  leyel," 
corresponding  to  the  second  part  of  our  defini- 
tion of  a  leyel  line.  If  a  tube  be  bent  up  at  eadi 
end,  and  nearly  filled  with  water,  the  surfi^  of 
the  water  in  one  end  will  always  be  at  the  same 
height  as  that  in  the  other,  however  the  poeitioa 
of  the  tube  may  vary.  On  this  truth  depends  the  "  Watn^UfteV*  It  may  b« 
easily  constructed  witii  a  tube  of  tin,  lead,  copper,  d^  by  bending  up^  at  rig^l 
angleiS  b^  uich  or  two  of  each  end, 

and  supporting  the   tube^  if  too  F19.417. 

flexible,  on  a  wooden  bar.  In  these 
ends  cement  (with  putty,  twine 
dipped  in  white-lead,  ^\  thin  phi- 
als, with  their  bottoms  broken  o% 
so  as  to  leave  a  free  communication 
between  them.    Fill  the  tube  and 

the  phials,  nearly  to  their  top,  with  colored  water.  Blue  vitriol,  or  coduneal, 
may  be  used  for  coloring  it  Oork  their  mouths,  and  fit  the  instrument,  by  a 
steady  but  flexible  joint,  to  a  tripod.  Figures  of  joints  are  given  on  page  184^  and 
of  tripods  on  page  188. 

To  use  it,  set  it  in  the  desired  spot,  place  the  tube  by  eye  nearly  level,  remove 
the  corki^  and  the  surfiEuses  of  the  water  in  the  two  phials  will  come  to  the  same 
level.  Stand  about  a  yard  behind  the  nearest  phial,  and  let  one  eye,  the  other 
being  dosed,  glance  along  the  right-hand  side  of  one  phial  and  the  left-hand  side 
of  the  other.  Raise  or  lower  the  head  till  the  two  surfaces  seem  to  coincide,  and 
this  line  of  sight,  prolonged,  will  give  the  level  line  desired.  Sights  of  equal 
height,  floating  on  the  water,  and  rising  above  the  tope  of  the  phials^  would  give 
a  better-defined  line. 


4 


I 
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The  '*Bpirk'lever  consiftts  essentially  Fl«.4xa 

of  a  curved  glass  tube  nearly  filled  with 
alcohol,  but  with  a  bubble  of  air  left 
within,  which  always  seeks  the  highest 
spot  in  the  tube,  and  will  therefore  by 
its  movements  indicate  any  change  in 
the  position  of  the  tube.  Whenever  the  bubble,  by  raising  or  lowering  one  end, 
has  been  brought  to  stand  between  two  marks  on  the  tube^  or,  in  case  of  expan* 
sion  or  contraction,  to  extend  an  equal  distance  on  either  side  of  them,  the  bottom 
of  the  block  (if  the  tube  be  in  one),  or  sights  at  each  end  of  the  tube,  previously 
properly  adjusted,  will  be  on  the  same  level  line.  It  may  be  placed  on  a  board 
fixed  to  the  top  of  a  staff  or  tripod. 

When,  instead  of  the  sights^  a  telescope  is  made  parallel  to  the  level,  and  van 
ous  contrivances  to  increase  its  delicacy  and  accuracy  are  added,  the  instnmieBi 
becomes  the  Engineer's  s{Hrit-leTel 
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(8)  The  Practice.  By  whioheTer  of  these  Tarious  meaofl  a  level  line 
DM  been  obtained,  the  eabsequent  operations  in  making  nse  of  it  are  identical. 
Binoe  the  **  water-Ieyel"  ie  easiljr  made  and  tolerably  aocorate,  we  will  aappoae  it 
to  be  employed.  Let  A  and  B^  ¥ig, 
419,  represent  the  two  pointi^  the 
differenee  of  the  heights  of  whieh  is 
required.  Set  the  instrument  on 
any  spot  from  which  both  the  points 
can  be  seen,  and  at  snch  a  height 
that  the  level  line  will  pan  abore 
the  highest  one.  At  A  let  an  assist* 
ant  hold  a  rod  graduated  into  fee^ 
tenths^  Ac  Turn  the  instrument  to- 
wards the  sta£(  sight  along  the  lerel 
line,  and  note  what  division  on  the 
staff  it  strikes.  Then  send  the  staff 
to  B^  direct  the  instrument  to  it^  and  note  the  height  observed  at  that  pol«t  II 
the  level  line,  prolonged  by  the  eye,  passes  2  feet  above  A  and  6  feet  above  B.  the 
difference  of  their  heists  is  4  feet  The  abtoluU  height  of  the  level  line  itMlf  is 
a  matter  of  indifference^  The  rod  may  carry  a  taiget  or  plate  of  iron,  daspMl  to 
it  so  as  to  slide  up  and  down,  and  be  fixed,  at  wHL  This  taiget  may  be  variously 
painted,  most  simply  with  its  upper  half  red  and  its  lower  half  white.  Hie  hori« 
lontal  line  dividing  the  colors  is  the  line  sighted  to^  the  target  being  moved  up 
or  down  till  the  line  of  sight  strikes  ii  A  hole  in  the  middle  of  the  target  shows 
what  division  on  the  rod  coincides  with  the  horisontal  line,  when  it  has  been 
brought  to  the  right  height. 

If  the  height  of  another  point»  0^  Fig.  420,  not  visible  from  the  first  station,  be 
required,  set  the  instrument  so  as  to  see  B  and  G,  and  proceed  exactly  as  with  A 


F1«.4M. 


•odB.  If  0  be  Ifoot  below  B,  as  in  the  figure^  it  will  be  6  feet  below  A  II  it 
were  found  to  be  7  feet  above  B^  it  would  be  8  feet  above  A.  The  comparative 
height  of  a  series  of  any  number  of  points,  can  thus  be  found  in  reference  to  any 
•ne  of  them. 

The  beginner  in  the  practioe  of  levelling  may  advantageously  make  m  his  not«- 
«»ook  a  sketdi  (^  the  hei^its  noted,  and  of  the  distances,  putting  down  each  as  it 
is  observed,  and  imitatii^,  as  nearly  as  his  aoeuraey  of  eye  will  permit*  their  pr^ 
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portioiial  dimendoos.*  But  whea  the  •bfenrationa  are  namenMis^  ihey  shoiild  b« 
kept  in  a  tabular  fom.  •neh  ae  that  vhieh  is  giTen  belov.  The  iiamee  of  tha 
pointy  or  **  Stationa^"  whose  heights  are  demanded^  are  plaeed  in  the  first  oolumn ; 
and  their  heigfata,  as  finallj  ascertained,  in  referenoe  to  the  first  pointy  in  the  last 
oolumn.  The  heights  above  the  starting  point  are  marked  4-1  >nd  those  bdow  it 
are  marked  — v  The  back-sight  to  any  station  is  placed  on  the  line  below  the 
point  to  which  it  refera.  When  a  back-sight  exceeds  a  fore-eighty  their  differenee 
ia  plaeed  in  the  eolomn  of  ''Rise ;*  when  it  is  less^  thdr  difierence  is  a  "FslL" 
The  following  table  represents  the  same  obserrations  as  the  last  figure*  and  their 
aarefal  comparison  will  explain  any  obscurities  in  either. 


etati<Hia 

DiitsnceB. 

Btdc-fligfatL 

Fon-fllgli«a 

Rise. 

Fall 

Total  Helghia 

A 

0.00 

B 

100 

2.00 

6.00 

' 

-4.00 

-4.00 

0 

60 

8.00 

4.00 

-1.00 

-6.00 

D 

40 

2.00 

1.00 

+  1.0 
+  6.00 

-4.00 

E 

70 

6.00 

1.00 

+  1.00 

F 

60 

2.00 

6.00 

-4.00 

-8.00 

16.00 

18.00 

-8.00 

The  above  table  shows  that  B  ia  4  feet  below  A ;  that  0  is  6  feet  below  A ;  that 
B  ia  1  foot  above  A ;  and  so  on.  Tq  tee^  the  calculations^  add  up  the  back-sights 
and  fore-sig^ta.    The  difference  of  the  sums  should  equal  the  last  **  total  height.'' 

Another  form  ef  the  levelling  field-book  is  presented  below.  It  refers  to  the 
aame  stations  and  levels^  noted  in  the  previous  form,  and  shown  in  Fig.  420. 


Stallooa 

DIStUlCM. 

BMk-«i^tii 

Ht  Inst  above  Batom. 

Foro-tlghta. 

TotelHelfhtiL 

A 

0.00 

B 

100 

2.00 

+  2.00 

6.00 

-4.00 

0 

60 

8.00 

-l.OO 

4.00 

-6.00 

D 

40 

2.00 

-8.00 

1.00 

-4.00 

E 

10 

6.00 

+  2.00 

1.00 

+  1.00 

F 

60 

2.00 

+  8.00 

6.00 

-8.00 

16.00 

18.00 

-8.00 

In  the  above  form  it  wiU  be  seen  that  a  new  column  is  introduced,  containing 
the  Height  of  the  Instrument  (I  e.,  of  its  line  of  sight),  not  above  the  ground 
where  it  stands,  but  above  the  DaHtm,  or  startbg-point,  of  the  levels.  The  former 
columns  of  "Bise*'  and  "Fall"  are  omitted.  The  above  notes  are  taken  thna: 
The  height  of  the  starting-point  or  "  Datum,**  at  A,  is  0.00.  The  instrument  being 
set  up  and  levelled,  the  rod  is  held  at  A.  The  back-sight  upon  it  is  2.00;  there 
fore  the  height  of  the  instrument  is  also  2.00.  The  rod  ia  nest  held  at  K  Tht 
fore-sight  to  it  is  6.00.  Hiat  point  is  therefore  6.00  below  the  instrument  oi 
SLOO — 6.00  s: — 4.00  below  the  datum.  The  instrument  is  now  moved,  and  again 
aet  up^  and  the  back-sight  to  B,  being  8.00^  the  Ht  Inst  is  —  4.00  +  8.00  ss—  LOO 

•  In  Ow  flgaie»  ths  Umiti  e  the  page  have  mads  It  neessMBj  to  eoatwet  the  horiaoBtol4irtiBeia 
to  oae-tanth  of  thair  proper  pnivOTtloDal  also. 
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and  80  OD :  the  Ht  Inst  being  always  obtained  by  adding  the  back-eight  to  th<i 
lieight  of  the  peg  on  whi^  tbe  rod  is  held,  and  the  height  of  the  next  peg  being 
•btained  bj  eubtraoting  the  fore^ht  to  the  rod  held  on  that  peg,  from  the  Ht  Inst 

The  leyel  lines  given  bj  these  instruments  are  aU  lines  of  afparent  level,  and 
not  of  tru9  lerel,  which  should  onire  with  the  siirfiuM  of  the  ewth.  Hese  level 
lines  strike  too  high;  bat  the  difference  ia  very  small  in  sights  of  ordinary  length, 
being  only  one-eighth  of  an  inch  for  a  sight  of  one-eighth  of  a  mile^  and  diminialuDg 
as  the  square  of  the  distance ;  and  it  may  be  completely  oompensated  by  setting 
the  instrament  midway  between  the  points  whose  difference  of  level  is  desired;  a 
precaatioo  which  should  always  be  ti2ken,  when  poesible. 

It  may  be  required  to  show  on  paper  the  nps  and  downs  of  the  line  which  has 
been  levelled ;  and  to  represent^  to  any  desired  scale,  the  heights  and  distances  of 
the  various  points  of  a  line,  its  ascents  and  descents,  as  seen  in  a  side-view.  This 
is  called  h**Profil§,^  It  is  made  thus.  Any  point  on  the  paper  being  assumed 
Ibr  the  first  station,  a  horizontal  line  is  drawn  through  it ;  the  distance  to  the  next 
station  is  measured  along  it,  to  the  required  scale ;  at  the  termination  of  this  dis- 
tance a  vertical  line  is  drawn ;  and  the  given  height  of  the  second  station  above  or 
below  the  first  ia  set  off  on  this  vertical  line.  Hie  point  thus  fixed  determines 
the  second  station,  and  a  line  joining  it  to  the  first  station  represents  the  dope  of 
the  ground  between  the  twa    The  process  is  repeated  for  the  next  station,  io. 

But  the  rises  and  falls  of  a  line  are  always  very  small  in  proportion  to  the  dis 
tanoes  passed  over ;  even  mountains  being  merely  as  the  roughnesses  of  the  rind 
of  an  orangei  If  the  distances  imd  the  heights  were  represented  on  a  profile  to  the 
same  scale,  the  latter  would  be  hardly  visibK  To  make  them  more  apparent  it 
is  usual  to  ''exaggerate  the  vertical  scale"  ten-fold,  or  more;  ie,  to  make  the 
representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a  foot  of  length,  as 
in  Fig.  420,  in  which  one  inch  represents  one  hundred  feet  for  the  distances,  and 
ten  feet  for  the  heights. 

Hie  preceding  Introduction  to  Levelling  has  been  made  as  brief  as  possible,  but 
by  any  of  the  simple  instruments  described  in  it,  and  either  of  its  tabular  forms^  any 
person  can  determine  with  sufficient  precision  whether  a  distant  spring  is  hi^ier  or 
lower  than  his  house,  and  how  much ;  as  well  as  how  deep  it  would  be  neoessaxy 
to  cut  into  any  intervening  hUl  to  bring  the  water.  He  may  in  like  manner  ascer- 
tain whether  a  swamp  can  be  drained  into  a  neighboring  lnt>ok ;  and  can  cut  the 
necessary  ditches  at  any  given  slope  of  so  many  inches  to  the  rod,  Ae,  having  thus 
firand  a  level  line ;  or  he  can  obtain  any  other  desired  information  which  depends 
en  the  relative  heights  of  two  points. 

To  explain  the  peculiarities  of  the  more  elaborate  levelling  instruments,  the 
precautions  necessary  in  their  use,  the  prevention  and  eorreotion  of  errors^  the 
everooming  of  difficulties  and  the  various  complicated  details  of  their  application^ 
would  require  a  great  number  of  pages.  This  will  therefore  be  reserved  for  nn* 
•ther  volume,  as  announced  in  the  PrefacCi 
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MAGNETIC    VARIATIONS 

m  THE  UNITED  STATES. 

[From  a  Rq[M>rt  bj  C.  A.  SOHOTT,  Aflustuit  U.  S  €k>Mt  Surrey].    See  Sillimtti's 
Journal,  Maj,  1860,  p.  885 ;  and  U.  S.  Coaat  Surrey  Report  for  1869,  App.  24,  p.  296. 
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1680 

8.8 

4.8  W. 

1690 

8.7 

4.8  W. 

1700 

9.7 

8.5 

8.8 

1710 

9.0 

10.4 

8.0 

8.4 

1720 

8.8 

9.5 

7.6 

7.9 

1780 

7.8 

8.9 

7.0 

7.1 

1740 

7.4 

8.8 

6.4 

6.8 

1750 

7.2 

7.7 

5.8 

5.8 

1760 

8.1 

7.0 

6.9 

6.1 

5.2 

4.4 

1770 

8.1 

6.8 

6.8 

6.5 

4.7 

8.6 

1.2  W. 

1780 

8.8 

6.8 

6.1 

5.2 

6.0 

4.4 

2.8 

0.7  W. 

1790 

8.5 

6.8 

7.8 

6.8 

6.8 

5.0 

4.8 

4.2 

8.0 

2.2 

0.2  W. 

1800 

8.9 

7.0 

7.5 

6.2 

6.4 

6.0 

4.6 

4.2 

8.0 

2.0 

0.4 

0.2  E. 

1810 

9.4 

7.8 

7.8 

6.8 

6.5 

6.2 

4.7 

6.4 

4.8 

8.1 

1.9 

0.5 

0.4  S. 

1820 

10.0 

7.8 

7.6 

6.7 

6.8 

5.6 

6.0 

6.8 

4,7 

8.4 

2.2 

0.8 
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•0494 

•0497 
.©5©© 
•©5o3 
.©5©6 
•o5o9 

•©5X3 

.©5i5 
.©5i8 

•©531 

•  ©534 

.©534 
.©536 
.©539 
.©533 
.©535 
.©538 
.©54 1 
.©544 

.©547 
•©55© 
.©553 

.©556 
.©558 
.©56 1 
.©564 
.©567 
.©570 
.©573 
.©576 
.©579 
.©583 

.©585 
.©d88 
.©590 
.©593 
•©596 
•©599 

•  ©6©3 

•©6©5 

•  ©6©8 
•©611 

•  o6i4 
•©617 
•©619 
.©633 
.©635 
.©638 
.©63i 

.©634 
•0637 

.©64© 

.©643 
.©646 
•©649 
•©65x 
.©654 
.©657 
.©66© 
.©663 
.©666 
.0669 

.©673 
.©675 
.©678 
.©681 
.©683 
.©686 
.0689 
.©693 
.©695 
.0698 

4° 

.©698 
.©7©  I 
.©7©4 

.©7©7 
.©7X© 

.©7x3 
.©7x5 
.©7x8 
.©731 
.0734 
.©737 

.©73© 
.©733 
.©736 
.©739 
•0743 
.©745 

.©747 
.©75© 

•  ©753 

•  ©756 

•0759 

•  ©763 

•  ©765 
.©768 
.©77X 

•0774 
.©776 

.©779 
.©783 

.©785 

.©788 
.©791 
•©794 

•0797 
.©8©o 
.©8©3 
.o8©6 
.©808 
•081X 
.©8x4 

.©817 
.©83© 
.©833 
.©826 
.©839 
.©833 
.©835 
.©838 
.©84o 
.©843 

.©846 

.©849 
.©853 
.©855 
.©858 
.©86x 

.©864 
.©867 
.©869 
.©873 

50  1  ^0 

7° 

.X33I 
•  X334 

.iaa7 

.X33o 

.1333 
.1235 
.1338 

•  ia4t 

.1344 

•ia47 
.ia5© 

.ia53 

•  1356 
.1359 

•  ia6a 
.1365 
.1367 
.137© 

•  1373 
.1376 
.1379 

.1383 

.1385 
.1388 
.1391 
•1394 
.X396 
.7399 

'X3©3 

x3©5 
.x3©8 

.i3ix 

.i3x4 
.i3i7 

.l330 

.1333 
.x335 
.x328 
.x33i 

.x334 
.1337 

.i34o 
.1343 
.1346 
.x349 
.x352 
.1355 
.1357 
.i36© 
.x363 
.x366 

.1369 
.1372 
.1375 
.1378 
.i38i 
.1384 
.x386 
.x389 
.1393 
.1395 

8° 

.1395 
.1398 

•  i4ox 
.i4o4 
.l4©7 

.i4i© 
.i4i3 
.i4i5 
.x4i8 

•  l43X 

.x434 

•  1437 
.143© 
.1433 
.1436 
.1439 
.1443 
•1444 

•1447 

•  145© 
.1453 

•  I  456 
•1459 

•  i463 
.x465 
.1468 

•x47i 
.1473 
•1476 

•  1479 
.1482 

.1485 
.1488 
•X491 
.1494 

.1497 
.i5o© 

.l5©3 

.i5o5 
.i5o8 
.x5ix 

.x5x4 
.i5i7 

•  I  53© 
.1533 
.i536 
.x539 
.i53i 
.1534 
.1537 
.x54© 

.1543 
.1546 

.1549 
.1553 

.1555 

.x558 

.x56o 

.1563 

.1566 

.x569 

9° 

.1569 
-1572 
.1575 
.x578 
.x58i 

.x584 
.x587 
.x589 

•  x59a 

•  x595 
.1598 

.!6©I 

.x6o4 
.x6o7 
.x6io 
.x6i3 
.x6x6 
.x6i8 
.1631 

.1634 
.X637 

.i63© 
.x633 
.1636 
.1639 
.1643 
.1645 

.1647 

•  x65© 
.1653 
.x656 

.1659 
.1663 
.1665 
.1668 
.1671 
.1674 
.1676 
.1679 
.x683 
.1685 

.x688 
.1691 

.1694 
.1697 
.X70© 
.X7©3 
.i7©5 
.I7©8 
.1711 
•1714 

.17x7 
.X730 
.1733 
.1736 
.X739 

•  1733 

.1734 
.1737 
.x74o 
.X743 

10° 

I 

a 
3 

4 
5 
6 

7 
8 

9 
10 

II 
la 
i3 

i4 
i5 
x6 

n 

x8 
19 

30 
31 

la 

a3 

34 
a5 
a6 

37 

a8 

3o 

3x 
3a 
33 

34 
35 
36 

37 
38 

39 
4© 

4i 

42 
43 

44 
45 
4& 

47 
48 

5o 

5i 
5a 
53 
54 
55 
56 

57 
58 

60 

.©873 
.0875 
.©878 
.©881 

.©884 
.©887 
.©89© 
.©893 
.©896 
.©899 
.©9©x 

.©9©4 
.©9©7 
.©91© 
.©9x3 
.©9x6 
.©919 
.©933 
.©935 
.©938 
.©931 

.©933 
.0936 
.©939 
.©943 
.©945 
.©948 
.©95x 
.0954 
.©957 
.©960 

.©963 
.©965 
.©968 
.©97X 
.0974 

•0977 
.©980 
.©983 
.©986 
.©989 

.©993 

•0994 
.©997 

•  10©© 

.i©©3 

•  x©©6 

•  i©©9 

•  X0X3 

.10x5 
.x©i8 

.X©3X 

•  x©a3 
.x©a6 

•X©39 
.X©33 

.x©35 
.i©38 

•  x©4i 
•i©44 
.x©47 

.i©47 
.x©5© 
.i©53 
.x©55 
.xo58 
.i©6i 

.x©64 

•  i©67 
.x©7© 

•  1073 
.1076 

.x©79 

.X©83 

.i©84 
.i©87 
.i©9© 
.x©93 
.x©96 
.x©99 

.IX©3 

.xx©5 

.xx©8 

•  xxxx 
.xii4 
.1x16 
.1XX9 

.XX33 
.XX25 
.XX38 

.ii3x 
.1x34 

.1x37 
.ii4o 
.1x43 
.xi45 
.xx48 
.xi5x 
.1x54 
.xx57 
.116© 
.116,3 

.X166 
.X169 
.1x73 
.1x75 

•I  177 
.1x80 
.1x83 
.1x86 

•  X189 
.X193 

.XX95 
.X198 

•  I3©X 
.I3©4 
.I3©6 
.I3©9 

•  I3I3 

•  I3l5 
•13X8 

•  X33X 

•1743 
-1746 

• 1749  1 

.1753  1 

.1755 
.X758 
.176X 
.1763 
.1766 
.1769 
.177a 

•1775 
.1778 
.178X 

.1784 
.1787 
.1789 
.1793 
.1795 

•1798 

•  i8oi 

.i8©4 
.i8©7 
.1810 
.i8i3 
.1816 
.x8i8 
.1831 

.X834 
.X837 
.i83o 

.x833 
.1836 
.x839 
.x84a 
.1845 

.1847 
.i85o 
.1853 
.1856 
.1859 

.i86a 
.1865 
.1868 

.1871 
.1873 
.1876 

.1879 
.x88a 

.x885 

.x888 

.X891 
.1894 
•1897 

•  190Q 

•  i9©a 
.1905 
.i9©8 
.19x1 
•1914 
.1917 

8 


TABLE  OF  CHORDS:  [RaoiusssLOOOO]. 

M. 

o' 

1 

a 
3 

4 
5 
6 

7 
8 

9 

to 

II 
la 
i3 

i4 
i5 
i6 

17 
i8 

»9 

ao 

11 

aa 

93 

24 

a5 
a6 

a? 
a8 

3i 

3a 
33 

34 
35 
36 

37 
38 

4c 

4i 

42 

43 

45 
46 

4- 
48 

5o 

5i 

5a 
53 

54 
55 
56 

57 
58 

6o 

11« 

.1917 

•  1930 

•  I9a3 
.1936 
.1938 

•  1931 
.1934 
.1937 
.1940 
.1943 
.1946 

•1949 
.195a 

.1955 

.1957 
.i960 
.1963 
.1966 
.1969 
.197a 
.1975 

.1978 
.1981 
.1983 
.1986 
.1989 
.199a 
.1995 
.1998 

•  aooi 

•  a9s4 

.aoo7 

•  aoio 
.aoia 
.201 5 
.aoi8 
.aoai 
.aoa4 
.aoa7 
.ao3o 
.ao33 

.ao36 
.ao38 

•  ao4i 
.ao44 

•2047 
.ao5o 
.ao53 
.ao56 

•  ao59 

•  ao6a 

.ao65 
-ao67 
.2070 
.ao73 
-ac76 

•  ao79 

•  ao8a 

•  ao85 
.ao88 

•  2091 

mo 

0091 
.3093 
.3096 
.ao99 

•  aioa 

•  aioS 
.aio8 

•  am 

.aii4 

•  aii7 
.aii9 

■  aiaa 
.aia5 
.ai28 

•  ai3i 
.ai34 
.ai37 
.ai4o 
.ar43 
.ai46 
.ai48 

•  ai5i 

.ai54 
.ai57 
.2160 
.3i63 
.ai66 

•  ai69 

•  ai7a 
.ai74 
.ai77 

.ai8o 
.ai83 
.ai86 
.a  189 
.3192 
.2195 
.2198 
.aaoo 
.aao3 
•aaoG! 

.aao9 

•  aaia 
.aai5 
.a2i8 
.2221 

.2224 
.2226 
•2229' 

.223a| 
.aa35 

.aa38 
.aa4i 

.2244 

.aa47 

•  aa5o 
.aa53 
.a255 
.aa58 

•  aa6i 

•  aa64 

13^ 

.3264 
.2267 
.2270 
.2273 
.2276 
.2279 
.2281 
.2284 
.2287 

•  2290 
.2293' 

.2296 
.2299 

.2302 

•23o5j 
.2307 

.23lO 

.23i3 
.23i6 
•2319 

.2322 
.2325 

.2328 

.2331 

.2333 

.2336' 

.2339! 

.234a 

.2345 

.2348 

.2351 

.2354 
.2357 
.2359 

.2362 

.2365 
.2368 
.2371 

•2374 
.2377 
.238o 

.2383 
.2385 
.2388 
.2391 
.2394 
.2397 
.2400 
.24o3 
.2406 

•  2409 

*24ll 

•a4i4 

•a4i7 
.a42o 

.2423 

.2426 

.2429 

.2432 

.2434 
•2437 

14° 

•2437 
.2440 
.2443 
.2446 
.2449 

.2452 

.2455 
.2458 
.2460 
.2463 
.2466 

•2469 
•2472 
.2475 
•2478 
.2481 
.2484 
.2486 

•  2489 

•  2492 
•2495 

•2498 

•  25oi 

•  25o4 
•25o7 

•25lO 
•25l2 

.25i5 
.25i8 

.2521 
•2524 

.2527 

•  253o 
.2533 
.2536 
.2538 
.2541 
.2544 

•2547 
.  255o 
.2553 

.2556 
.2559 
.256i 
.2564 
.2567 
.2570 
.2573 
.2576 
•2579 

.2582 

.2585 
.2587 
.2590 
.2593 

•  2596 
.2599 
.2602 
.2605 
.2608 

•  261 1 

.a6ii 
.a6i3 
.a6i6l 
.2619  ; 
.2622  ' 
.2625  1 
.2628: 
.2631  1 
. 2634  * 
.2636 
.2639 

. 2642  j 

.2645 

.2648 

.2651 

.2654  i 

.2657 

.2660 

.2662 { 

.2665 

.2668;' 

.2671 ' 

•2674 

.2677 
.2680 

.2683 

.2685 

.2688 

•2691 

.2694 

.2697 

•  2700 
.2703  ' 
.2706 
.2709 
.2711 

.2714 
.2717 
.2720 
.2723 
.2726 

.2732 
.2734 

.2-'37 
. 2740  . 
.2743 

.2746; 

. 2749 1 
.275a 

.  J755 1 

.2758 
2760 
.2763 
.2766 
.2769 
.2772 
.2775 
.2778 
.2781 
.2783 

1«° 

.2783 
.2786 
.2789 
.2792 
.2795 
.2798 

•  a8oi 
.a8o4 
.a8o7 
*a8o9 
.a8ia 

.a8if: 
.a8i8 
.a8ai 
.a8a4 
.a8a7 
.a83o 
.a83a 
.a835 
.a838 
.a84i 

.a844 

.2847 
.a85o 

.2853 
.2855 
.2858 
.2801 
.2864 
.2867 
.2870 

.2873 
.2876 
.2878 
.2881 

.2884 
.2887 
.2890 
.2893 
.2896 
.2899 

.2902 

.2904 
.2907 
.2910 
.2913 
.2916 
.2919 
.2922 
.2925 
.2927 

•  2930 
.2933 
.2936 
.2939 
.2942 
•2945 
.2948 
.2950 
.2953 
.2956 

17° 

.2956 

•2959 
.3962 

.2965 
.2968 
.2971 
•2973 
.2976 
.2979 
.2982 
.2985 

.2988 
2991 
•2994 
.2996 
.3999 
.3ooa 
.3oo5 
.3008 
.3oii 
.3oi4 

•  3oi7 
.3019 
.3oaa 
.3oa5 
.3oa8 
.3o3i 
.3o34 
.3o37 
.3o4o 
.3o42 

.3o45 
.3o48 
.3o5i 
.3o54 
.3o57 
.3o6o 
.3o63 
.3o65 
.3068 
.3071 

.3074 
.3077 
.3080 
.3o83 
.3086 
.3088 
.3091 
.3094 
.3097 
.3ioo 

.3io3 
.3io6 
.3109 
.3iii 
.3ii4 

•  3ii7 
.3iao 
.3ia3 
.3ia6 
.3ia9 

1§° 

.3ia9 
.3i3a 

.3i34 
.3i37 
.3i4o 
.3i43 
.3i46 

.3r49 
.3i52 
.3i55 
.3i57 

.3i6o 
.3i63 
.3166 
.3169 
.317a 
.3175 
.3178 
.3180 
3i83 
.3186 

.3189 
.319a 
.3195 
.3198 
.3aoo 
•  3ao3 
.3ao6 
.3ao9 
.3aia 
.3ai5 

.3218 

.3221 
.3223 
.3226 
.3229 

.3a3a 
.3a35 
.3a38 
.3a4i 
.3a44 

.3a46 
.3a49 

.3252 

.3255 
.3258 
.3261 
.3264 
.3267 
.3269 
.3272 

.3275 
.3278 
.3281 
.3284 
.3287 
.3289 
.3292 
.3295 
.3298 
.33oi 

l!l° 

.33oi 
.33o4 
.3307 
.33io 
.33i2 
.33i5 
.3318 
.3321 

.3324 
.3327 
.3330 

.3333 
.3335 
.3338 
.3341 
.3344 
.3347 
.3350 
.3353 
.3355 
.3358 

.3361 
.3364 
.3367 
.3370 
.3373 
.3376 
.3378 
.3381 
.3384 
.3387 

.3390 
.3393 
.3396 
.3398 
.3401 
.3404 
.3407 
.3410 
.34i3 
.3416 

.3419 
.34ai 

.34a4 
.3427 
.3430 
.3433 
.3436 
.3439 
.3441 
.3444 

.3447 
.345© 
.3453 
.3456 
.3459 
.3462 
.3464 
.3467 
.3470 
.347:^ 

ao° 

.3473 
.3476 

.3479 
.3482 

.3484 
.3487 
.3490 
.3493 
.3496 

•3499 
•  35o2 

.35o4 
.3507 
.35io 
.35i3 
.35i6 
.3519 

.3522 

.3525 
.3527 
.353o 

.3533 
.3536 
.3539 
.3542 
.3545 

.3547 
.3550 
.3553 
.3556 
.3559 

.3562 
.3565 
.3567 
.3570 
.3573 
.3576 

.3579 
.3582 
.3585 

.3587 

.3590 
.3593 
.3596 
.3599 
.3602 
.36o5 
.3608 
.3610 
.36i3 
.3616 

.3619 
.3622 
.3625 
.3628 
.363o 
.3633 
.3636 
.3639 
.3642 
3645 

ai° 

.3645 
.3648 
.365o 
.3653 
.3656 
.3659 
.3662 
.3665 
.3668 
.3670 
.3673 

.3676 

.3679 
.3682 

.3685 

.3688 

.3690 

.3693 

.3696 

.3699 

.3702 

.3705  1 
.3708 

.3710  ! 
.3713  , 
.3716 
.3719 
.3722  1 
.3725  1 
.3728  i 
.3730  ' 

.3733 
.3736 
.3739 
.3742 
•3745  j 
.3748  ' 
.3750  1 
.3753  i 

.3756  1 
•3759 

.3762 
.3765 

.3768  1 
.3770 
.3773 
.3776 

•3779 
.3782  , 

.3785  ' 

.3788  I 

.3790 
•3793 
•3796 
.3799 
.3802 
.38o5 
.3808 
.3810 
.38i3 
.38i6 

> 
0 

I 

2 

3 

4 
5 
6 

7 
8 

9 

10 

II 
12 
i3 

i4 
i5 
16 

17 
18 

«9 
20 

21 
22 

23 

24 

|25 

26 

27 
28 

3o 
3i 

32 

33 

34 
35 
36 

37 
38 

4o 

4i 
42 
43 
44 
45 
46 

47 
48 

5o 

5i 

52 

53 
54 
55 
56 

57 
58 

TABLE  OF  CHORDS:  [Radius  =  1.0000]. 

M. 

230 

23=^ 

24° 

35'' 

se"" 

27° 

28° 

29° 

30°  31° 

32° 

M. 

o' 

.38i6 

.3987 

.4i58 

•43a9 

.4499 

.4669 

•4838 

.5oo8 

.5176  '.5345 

•  5513' 

d' 

I 

.3819 

.3990 

.4161 

•433a 

•45oa 

•467a 

.4841 

.5oio 

.5179  .5348 

.5516 

I 

a 

.38aa 

.3993 

.4164 

.4334 

.45o5 

.4675 

.4844 

.5oi3 

•5i8a  .5350 

•  5518 

2 

3 

.38a5 

.3996 

.4167 

.4337 

.4508 

.4677 

•4847 

.5oi6 

•5i85  '.5353 

•  55ai 

3 

4 

.3828 

.3999 

.4170 

•4340 

.4510 

•4680 

•  4850 

.5019 

•  5i88  1.5356 

•  55a4 

4 

5 

.383o 

.4002 

•4172 

.4343 

.45i3 

•4683 

•  4853 

.5oaa 

•5190  '.5359 

.55a7 

5 

6 

.3833 

.4004 

.4175 

•  4346 

.4516 

.4686 

.4855 

.5oa4 

.5193  '.536a 

.553o 

6 

7 

•  3836 

.4007 

.4178 

.4349 

•4519 

.4689 

•  4858 

.5027 

.5196  ^5364 

.553a 

7 

8 

.3839 

.4010 

.4181 

.435a 

.45aa 

•  4692 

.4861 

.5o3o 

•  5199  ..5367 

.5535 

8 

9 

.3842 

.4013 

.4184 

•4354 

.45a5 

•4694 

.4864 

•  5o33 

.5aoa  •5370 

.5538;  9| 

lO 

•3845 

.4016 

•4187 

•4357 

•45a7 

•4697 

.4867 

•  5o36 

.5ao4  1-5373 

•  5541  1  ol 

1! 1 

II 

.3848 

.4019 

.4190 

•  4360 

.4530 

.4700 

.4869 

•  5o39 

•  5ao7  ^5376 

.5543 

II 

la 

.3850 

.4022 
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:  [Radius  =  1.0000]. 
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TABLE  OF  CHORDS:  [Radius  — 1.0000]. 
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4790 

5o3i 

242 

180 

5273 

55i4 

5755 

5996 

6237 

tiT^ 

6718 

6958 
9355 
1739 

7198 

2214 

941 

181 
182 

7679 
260071 

7018 
o3io 

8i58 
0548 

07?? 

8637 

1023 

^U 

91 16 
i5oi 

9594 

'976 
4346 

93^ 

i83 

245 1 

2688 

2925 

3i62 

1??? 

3636 

3833 
6232 

4109 

4582 

lu 

184 

4818 

5o54 

5290 

5595 

5996 

6467 

6702 

6937 

i85 

7172 

7406 

7641 

7875 

81IO 

8344 

8578 

8812 

9046 

9279 

934 

186 

•  95i3 

9746 

^ 

♦2l3 

0446 

0679 

0912 

1 144 

i^ 

1609 

933 

isS 

27  1842 

2074 
4369 

2538 

ss? 

3ooi 

3233 

3464 

3927 

939 

4i58 

4620 

485o 

53ii 

5542 

la; 

6002 

6232 

93o 

189 

6462 

6692 

6921 

7i5i 

7380 

7609 

7838 

8296 

8525 

229 

190 

5^754 

8982 

9211 

9439 
1713 

9667 

9805 
2169 

♦  123 

o35i 

0578 

0806 

228 

191 

98io33 

1 261 

1488 

1942 

2396 
4656 

2622 

2849 

3075 
5332 

227 
226 

192 

33oi 

3527 

3753 

^1 

42o5 

443 1 

4882 

5i07 

193 

5557 

5782 

6007 

6456 

6681 

6905 

7i3o 

7354 

7578 

225 

194 

7802 

8026 

8249 

8473 

8696 

8920 

9143 

9366 

9589 

9812 

223 

195 

290035 

0257 
2476 
4687 

0480 

0702 

0925 

336^ 

ll^ 

!59' 

i8i3 

2o34 

222 

196 

2256 

2699 

2920 

3i4i 

3584 

38o4 

4025 

4246 

221 

196 

4466 

4907 

5i27 
7323 

5347 

5567 

5787 

6007 
819$ 

6226 

6446 

320 

6665 

6884 

7104 

7542 

7761 

7979 
♦161 

8416 

8635 

219 
218 

«99 

•  8853 

9071 

9289 

9507 

9725 

9943 

0378 

0595 

o8i3 

200 

3o  io3o 

1247 

1464 

1681 

1898 
4059 

2114 

233i 

2547 
4706 
6854 

2764 

2980 

217 
216 

201 

3196 

3412 

3628 

3844 

4275 

4401 
6639 

8778 
0906 

4921 

5i36 

202 

5,^51 

5566 

5781 

0268 

6211 

6425 

7068 

7282 

2l5 

203 

304 

•  963o 

^^° 

♦o56 

835i 
0481 

8564 
0693 

8991 
1118 

9204 
i33o 

9417 
i542 

213 
212 

205 

3i  1754 

3%7 

1966 

2177 
42^9 

2389 

2600 

2812 

3o23 

3234 

3445 

3656 

211 

206 

4078 
6ido 
8272 
o354 

4499 

4710 

4920 

5i3o 

5340 

5551 

5760 
7854 
9938 
2012 

210 

207 
208 

209 

320146 

8481 
o569 

6509 

86^9 
0769 

0977 

7018 
9106 
1184 

7227 

9314 
i39t 

7436 

6522 

1598 

7646 

208 
207 

910 

2219 

2426 

2633 

2839 

3o46 

3252 

3458 

3665 

3871 

i'Si 

206 

211 

4282 

4488 

4694 

^ 

5io5 

53io 

55]6 

5721 

5926 

2o5 

212 

6336 

6541 

6745 

7155 

^9^ 

7563 

33S 

7972 

8176 

204 

2l3 

»838o 

8583 

8187 
0819 

8991 

9194 

960Z 

♦008 

0211 

203 

214 

33  0414 

0617 

1022 

1225 

I4i7 

i63o 

i832 

2o34 

2236 

202 

9l5 

2438 

2640 

2842 

3o44 

3346 

3447 
5458 

3640 
5656 

385o 

4o5i 

4953 

202 

916 

4454 

4655 

4856 

5o57 

5257 

7858 

6059 
8o58 

6260 

201 

III 

6460 

6660 

6860 

7060 

7260 

7459 

7659 

8257 

0246 

200 

•  8456 

8656 

8855 

go54 

9253 

945i 

965o 

9849 

♦047 
2028 

;^ 

919 

N. 

3404(4 

0642 

1 

0841  1039 

1237 

X435 

i632 

i83o 

1 

2225 

0 

S 

8 

4 

5 

e 

8 

9 

B. 

LOGARITHMS  OF  NUMBERS. 


TjLMLm 


N. 


330 
331 
333 
333 

334 

335 
336 
337 
338 
339 

33o 

33 1 
333 

333 
334 

335 
336 

^H 
33d 

339 
340 

341 
343 

343 
344 

345 
346 


349 
35o 

35l 
353 

353 
354 

355 
356 
357 
358 
259 

360 
261 
263 
363 
364 

365 
366 
367 
368 
369 

270 
271 
373 
373 
374 

375 
376 
377 
378 
379 

N. 


34  3433 

4393 

6353 
»83o5 

35  0248 

3i83 
4108 
6036 

^^5 


9di 


361738 

3613 

5488 

7356 

«93i6 

371068 
3913 

4748 

6571 

«839d 

38  021  z 
2017 
38i5 
56o6 
7390 

•  9166 
390035 

2607 
4462 
6199 

7040 

•  9674 

40  1401 

3l2I 

4834 

6540 

8240 

«9q33 

41  1020 
33oo 

83oi 

«9o56 

43  1004 


•  9333 

440909 

3480 

4045 

6604 


3630 
4589 
6549 
85oo 
0443 

3375 
43oz 
6317 
8135 

♦035 

38oo 
5675 
7543 
9401 

1353 
3oo6 
49^3 

8^80 

0393 
319 

5% 
7*68 

9343 

III3 

2873 
4627 
6374 

8114 

3393 
5oo5 

6710 
8410 

♦  103 

1788 
3467 

5i4o 
6807 
8467 

♦  131 
1768 

3410 

5o45 
6674 
8397 
9914 

i535 
3i3o 

6333 

7909 

r^ 

2637 

4301 

5760 


2 


8 


38x7 
4785 

0094 
0636 

3568 
4493 
6408 
83i6 

03l5 

3io5 

3988 

5863 
7739 
9*87 

1437 
3380 
5ii5 
6943 
8761 

0573 
3377 
4174 
5964 
7746 

9530 
1388 
3o48 
4803 
6548 

8387 
♦020 
1745 

3464 
5x76 

6881 
8579 

0271 
1906 

3635 


53o 


I 


3 

0286 
1933 

3574 
5308 
6836 
8459 
♦075 

i685 
3390 
4888 
6481 
8067 

9648 

1334 

4i?7 
591J 


3oi4 
4981 

'  ?9 


0839 


2761 
4685 

0404 

3294 
4176 
6049 
79x5 
9773 

1633 

3464 
5398 

7X34 
8943 

0754 
3557 
4353 
6143 
7923 

9698 

1464 

3334 

4977 
6733 

846X 
0193 

3?3? 
5346 

705 1 

8749 

0440 

3134 

38o3 
5474 

270? 
o45x 
3097 

537X 

^^ 
0336 

X846 
345o 
5o48 
6640 
8336 

r«o6 
i38i 
3950 
43x3 
607  X 

8 


3213 

5x7« 
7x35 
9083 
ioa3 

3954 
4876 

8^6 
0593 

3483 
4363 
6336 
8101 
9958 

1806 
3647 
5481 
7306 
9124 

0934 

4^3] 
6321 
8101 

9875 
1641 
3400 
5i53 
6896 

8634 
o365 
3089 
3807 
55x7 


390X 
5534 

2i6x 
783 
0398 

3007 
36x0 
5307 

^V, 

3io6 
4669 
6326 


3409 
5374 
733o 
9278 

X2X6 

3x47 
5o6d 
6981 
8886 
0783 

2671 
455x 
6433 
8387 
♦143 

\m 

5664 
7488 
9306 

xxi5 
39x7 
4713 
6499 
8379 

♦o5x 

1817 
3576 
5336 
7071 

8808 
o538 

336X 

73ox 
9087 
0777 
246  X 
4137 

58o8 

7472 
9x39 
078X 
2436 

4o65 

5697 
7334 
8044 
0559 

3167 

is? 

♦  133 
1695 
3363 

4835 

6383 


6 


36o6 
5570 
7535 

9472 
1410 

3339 
5360 
7x73 
9076 
0973 

3859 

8473 
o338 

3175 
401 5 
5846 
7670 
9487 

1396 

3097 
4891 

84^ 

0338 

55oi 

7245 

898X 
07XX 
3433 
4149 
5858 

756x 
9357 
0946 

363( 

43o 


9395 
0045 
3^90 

4338 
586o 
7486 
9x06 
0730 

3338 

3930 
5536 

2x16 
701 

0370 
1863 
3419 
498X 
6537 

6 


38oa 
5766 
7730 
9666 
x6o3 

3533 
5453 
7363 
9366 
X161 


336o 
4198 
6039 
7852 
9668 

1476 
3277 
D070 
6856 
8634 

o4o5 
2x69 
3926 
5676 

7419 

9154 
o883 
26o5 
4320 
6029 

773  X 

9436 

IXI4 
3796 

4472 

6x4x 

7804 
9460 
mo 
2754 

4393 
6033 
7648 
9368 
o88x 

3488 
4090 
5685 

hlg 

0437 
3009 
3576 

5i37 
669a 


8 


9860 
1796 

3724 

5643 
7554 
9456 
x35o 

3336 
5xi3 
6983 
8845 
0698 

75U 
4383 

63X3 

8o34 
9849 

1 656 
3456 
5249 
7o34 
88xx 


9 

4x06 
6x57 
8110 
♦o54 
1989 

39x6 
5834 

9646 
1539 

3434 
53oi 
7169 
9o3o 
0883 

3738 
4565 
6394 
83x6 
♦o3o 

x837 
3636 
5438 

r3X3 


9501 

X338 

6370 

8070 

9764 

x45i 
3x33 
4806 

6474 
8x35 

9791 
1439 
3o83 

47x8 
6340 
19V 

I203 


8 


0 


Table  L 


LOGARITHMS  OF  NUMBERS. 


N. 

280 

281 
282 
283 
284 

285 
286 

28^ 

289 

290 
291 
292 
293 
294 

295 
296 
297 
298 
299 

3oo 
3oi 
3o2 
3o3 
3o4 

3o5 
3o6 
3o7 
3od 
309 

3io 
3ii 

3l2 

3i3 
3i4 

3i5 
3i6 

3i6 
3i9 

320 
321 
322 

323 
324 

325 
326 

326 
329 

33o 
33i 
332 
333 
334 

335 
336 
337 
338 
339 

"nT 


447158 

•  8706 
45  0249 

1786 
33 18 

4845 

6366 

7882 

*9392 

460898 

2398 
3893 
5383 
6868 
8347 

#9822 

4216 

5671 

7I2I 
8566 
480007 
1443 
2874 

43oo 
5721 
7i38 
855i 

•  9958 

49  1 362 
2760 
41 55 

5544 
6930 

83ii 

•  9687 
5oio59 

2427 
3791 

5i5o 
65o5 
7856 

•  9203 
5i  o545 

1 883 
32i8 
4548 
5874 
7196 

85i4 

•  9828 
52II38 

2444 
3746 

5o45 
6339 
7630 

•  8917 
53  0200 


73i3 

d86i 
o4o3 
1940 
3471 

8o33 
9543 
1048 

2548 
4042 
5532 
7016 
8495 


1& 


58i6 


7266 
871 1 
oi5i 
1586 
3oi6 


4442 
5863 
7280 
8692 
♦099 

l502 

2900 

4294 

5683 
7068 

8448 

9824 
1196 
2564 
3927 

5286 
6640 

^; 

0679 
2017 

335x 
4681 
6006 
7328 

8646 

9959 
1269 

2575 

3876 

5174 
6469 

7759 
9045 
o328 


2 


7468 
90i5 
0557 
2093 
3624 

5i5o 
6670 
8184 
9694 
1 198 

2697 
4101 
568o 

7164 
8643 

♦116 
1 585 
3o49 
45od 
5962 

7411 

8855 
0294 
1729 
3i59 

4585 
6oo5 
7421 
8833 
0239 

1642 
3o4o 
4433 

5822 

7206 
8586 

2700 

4063 
5421 

8126 

957; 
o8i3 

2l5l 

3484 
48i3 
6139 
7460 

8777 
♦090 

1400 

2705 

4006 

53o4 
6598 

2 


8 

7623 
9170 
0711 
2247 
3777 

53o2 
6821 
8336 
9845 
1348 

2847 
4340 
5829 
73i2 
8790 

0263 
1732 
3195 
4653 
6107 

t555 

04Jd 
1872 
33o2 


1782 

3179 
4572 

5q6o 
7344 

8724 
♦099 
1470 
2837 

4199 

5557 
691 1 
8260 
9606 
0947 

2284 
36i 

494 

6271 

7592 

8909 

0221 

i53o 
2835 
4i36 

5434 

8016 
9302 
o584 

8 


I 


7778 
9324 
o865 
2400 
3930 

5454 
6973 


ni 


I 


999 

1499 

2997 

4490 

5977 
7460 

8938 

0410 
1878 
3341 

7700 
9143 

o582 
2016 
3445 

4869 
6289 
7704 
9114 
o520 

1022 
3ji9 
471 1 

8862 
0236 
1607 

4SI5 

5693 
7046 
8395 
9740 
1081 

2418 
3750 
5070 
64o3 
7724 

0040 
o353 
1661 
2966 
4266 

5563 
6856 
8145 
943o 
0712 


7933 
9478 
1018 
2553 
4082 

56o6 
7125 
6638 
♦146 
1649 

3i46 
463a 
6126 
7608 
9085 

0557 

2025 

3487 
4044 
W97 

7844 
9281 
0725 
2i59 
3587 

5oii 
643o 
7845 
9255 
0661 

2062 
3458 
485o 
6238 
7621 

8999 
0374 
1744 
3109 

4471 

5828 
7181 
853o 
9874 

I2l5 

255i 
3883 

52II 

6535 
7855 

9171 
0484 

4396 

5693 
6985 
8274 
9559 
0840 


6 


1799 

3296 
4788 
6274 
77*6 
9233 

0704 
2171 
36i3 
5090 
6542 

7989 
943 1 
0869 

2302 
3730 

5i53 
6572 

0801 


8242 

2859 
4387 

6910 
7428 
8940 
0447 
1946 

3445 
4936 
6423 

^8^ 

o85i 
23id 

im 

6687 

81 33 
9575 
1012 
2445 
3872 

5295 

6714 
8127 
9537 
0941 

2341 

nil 

65i5 

7897 

9275 
0648 
2017 
3382 
4743 

6009 


01 
1482 

2818 
4149 
5476 
6800 
8119 

9434 
0745 

2o53 
3356 
4656 

5951 
7243 
853i 
9815 
1096 


8 


9 


8397 
9941 

1479 
3oi2 

4540 

6062 
7579 

9091 
o592 

2098 

3594 
5o85 
6571 
8o52 
9527 

0908 
2464 
3925 
538i 
6832 

8278 

2588 
4oi5 

5437 
6855 
8269 

9677 
1081 

2481 
3876 
5207 
6653 
8o35 

9412 
0785 
2i54 
35i8 
4878 

6234 
7586 
8934 

IIU 

2951 
4282 
5609 
6932 
825i 

9566 
0876 
2id3 
3486 
4785 

6081 
9943 

1223 

8 


8552 
4095 
i633 
3i65 
4692 

6214 
773 1 
9242 
0748 
2248 

3744 
5234 
6719 
8200 
9675 

1145 
2610 
4071 
5526 
6976 

8422 
9863 
1209 
2731 
4157 

5579 

6997 
8410 

9818 

1222 

2621 
4oi5 
5406 

§79" 
8173 

9550 
0922 
2291 
3655 
5oi4 

6370 

9068 
0411 
1750 

3o84 
4414 
5741 
7064 
8382 

9697 
1007 
23i4 
36i6 
4915 

6210 

35oi 
788 
♦072 
x35i 

9 


D. 


55 

54 
54 
53 
53 

52 
52 

5i 
5i 
5o 

5o 
49 

4I 

48 

46 
46 
45 

45 
44 
44 
43 
43 

42 
42 
41 
41 
40 

40 

3 

38 

U 
36 

36 
35 
35 
34 
34 

33 
33 

33 

32 
32 

3i 
3i 
3i 
3o 
3o 

29 
29 

28 


1 


6 


LOGARITHMS  OF  NUMBERS. 


Tabub  L 


IS. 

340 
341 
342 
343 
344 

345 
346 

343 
349 

35o 
35i 
352 
353 
354 

355 
356 
357 
358 
359 

36o 
36i 
362 
363 
364 

365 
366 
367 
36d 
369 

370 

3T 
372 

373 

374 

375 
376 

3^ 

379 

38o 
38i 
38a 
383 
384 

365 

386 
387 
388 
389 

391 
392 
393 
394 

395 
396 

N. 


33  1479 
2764 
4026 

52o4 
6558 

7810 
#9076 

54  0829 

2825 

4068 
53o7 
6543 

7775 

•  9003 

55  0228 
i45o 
2668 
3883 
5094 

63o3 
1507 
8709 

♦  9907 
56iioi 

2293 
34di 
4666 
5848 
7026 

82Q2 
♦9374 

57  o543 

IP 


nog 

1872 


4o3i 
5idd 
6341 

8639 

•  9784 
580925 

2o63 

433x 

5461 
6587 

Ull 

«995o 
591065 

32^ 

4393 
5496 

P. 

•  9^ 
600973 


1607 
2882 
4i53 
5421 
6685 

7945 
9202 
0455 

1704 
2950 

4102 
5431 
6666 
7898 
9126 

o35i 
1572 
2790 
4004 
52i5 

6423 

& 

♦020 
1221 

24X2 

36oo 

4784 
5966 

7'44 
83 19 

0600 
1825 
2988 

4147 
53o3 
6457 

P, 

9808 
10J9 

33i2 
4444 

5574 
6700 
7823 

8944 
♦061 

1176 
228S 

?^ 

56o6 

i8o5 
8900 

1 


8071 
9327 
o58o 
1829 
3074 

43i6 
5555 
6789 
8021 
9249 

0473 
1694 
2911 
4126 
5336 

6544 

8948 
0146 
i34o 

253 1 
3718 
4903 
6084 
726a 

8436 
9608 
0776 
1942 
3io4 

4263 
5419 
6572 

1^ 

♦012 
ii53 
2291 
3426 
4557 

5686 
6812 

9o56 
0173 

1287 
3^ 

4614 
5717 

6ai7 

79U 
9009 

♦  lOI 

1 191 


8 


1861 
3i36 
4407 
6674 
6937 

8107 

9432 

0705 
1953 

3199 

4440 
5678 
6913 
8144 
9371 

0595 

I8I6 

3o33 

4247 
5457 

6664 
7868 
9068 
0265 
1459 

265o 
3837 

502I 

620a 

7379 


55^4 


0126 
1267 

2404 
3539 
4670 

6925 

8047 
9167 

0284 
x399 

25lO 

36i8 
4724 
5da> 


4564 
58o2 
7o36 
8267 
9494 

1938 
3i55 
4368 
5578 

6785 

79ff 
9188 

o385 

1578 

2769 
3955 
5i39 
6320 

7497 

8671 
9842 

lOIO 

2174 

3336 

4494 
565o 
6802 
795 1 
9097 

0241 
i38i 
25i8 
3652 
4783 

5912 

7037 
8160 

'^ 

i5io 
2621 


8i34 
9228 
o3i9 
x4o8 


6 


8 


8 


0962 
2181 
3398 
4610 
5820 

7d26 
6228 
9428 
0624 
1817 

3oo6 

4199 
5376 
6555 
7732 

8905 
♦076 
1243 
2407 
3568 


0469 
1608 
2745 

3879 
5009 

6137 
7262 
8384 
95o3 
0619 

inJ7 
2843 
3950 
5o5d 
61S7 

7256 
8353 
9446 
0537 
x625 

6 


4936 
6172 
74o5 
8635 
9861 

1084 
23o3 
3519 
4731 
5940 

7146 
834< 
954t 
0743 
1936 

3x25 
43x1 

5494 
6673 

7849 

9023 
0193 
i35o 

252J 

3684 


9441 

o583 
I7«2 
2858 
3992 


1843 
2954 
4061 
5i65 
6267 

7366 
8462 
9556 
0646 
1734 


8825 

xSio 
2576 
3820 


1206 

2425 

3640 
4852 
606  X 


3244 
4429 
56i2 
670X 
7967 


4957 
61XI 
7262 
8410 
9555 

^ 

2972 
4io5 
5235 

6362 
7486 
8608 

5276 
6377 

857s 
96^ 


8 


9   IX 

2617 


6432 
7693 

8951 
0204 
1454 
270X 
3944 

5x83 
6419 

2652 
88x 
♦X06 

i323 

2547 
3762 

4973 
6182 

^58^ 
9787 
0982 
2x74 

3362 
4548 
5730 
6909 
8084 


3915 

5072 
6226 


081X 
1950 
3o85 
4ti8 
5348 

6475 

7599 
67J 
18 


3f75 
4m 
5386 
6487 

7586 
d68x 

wi 

9 


TabucL 


IXX^ARTTHMS  OF  NTJMBEBa 


N. 

0 

1 

3160 
3253 

400 

609060 

401 

3 144 

403 

4336 

4334 

4o3 

53o5 

54i3 

404 

6381 

6489 

4o5 
406 

7455 
d526 

7562 

3 

61^ 

9701 

0767 

409 

1733 

1839 

4io 

3784 
3d43 

3890 

411 

413 

4i3 

3947 

Soo3 
6o55 

4X4 

7000 

7105 

4i5 

8048 

8i53 

4i6 
4id 

•  9003 
6a  01 36 

9198 
0240 

1176 

1380 

419 

2214 

93i8 

430 

3249 

3353 

491 

4382 

4385 

423 

5312 

54i5 

433 

6340 

6443 

434 

7366 

7468 

435 

8389 

8491 

436 

•  9410 

951 3 

43S 

63  04)8 

o53o 

1444 

1 545 

439 

2457 

3559 

43o 

3468 

3569 
4578 
55^4 

43  r 

5484 

433 

433 

6488 

6588 

434 

7490 

71)90 

435 
436 

8489 
•  9486 

8589 
9586 

437 
43^ 
439 

640481 

o58i 

1474 

3465 

1573 
2563 

440 

3453 

355i 

441 

4439 

4537 

443 

5433 

5531 

443 

6404 

65o3 

444 

7383 

7481 

445 

836o 

8458 

446 

?9335 

9433 

447 
44d 

65o3o8 

o4o5 

1378 

1375 

449 

3346 

3343 

45o 

33i3 

3309 
4273 
5335 

45i 

f;& 

453 

453 
454 

6098 

7056 

6104 
7i53 

455 

8eii 

8107 

456 

8965 

9060 

^ 

660^5 

♦on 
0960 

4S9 

l8i3 

1907 

V. 

0 

1 

IS] 

4442 
5531 
6596 

7669 
6740 
9808 


8257 
93o3 
o344 
1 384 
2421 

3456 
4488 
55 18 
6546 

7571 

8593 
9613 
o63i 

1647 
2660 

3670 

56^^ 
6688 
7690 

8689 
9686 
0680 
1673 
3603 

365o 
4636 
5619 
6600 

7579 

8555 
9530 
o5o3 

1473 
3440 

34o5 
4369 
533i 
6390 
7247 

8309 
9155 
0106 

lo55 

9009 


8 


8363 
9406 
0448 
1488 

2525 


35o2 
4465 
5427 
6386 
7343 

8298 
9260 

0301 

li5o 
3096 

8 


2494 

46^3 
5736 
6811 


3598 
4562 
5523 
6482 
7438 

8393 
9346 
0296 
1245 
3191 


2603 
3686 
4766 

5844 
6919 

799« 
9061 

0128 

1102 

2234 

3313 
4370 
5434 
6476 
7535 

8571 
9615 
o656 
i6o5 
37J3 

3766 

6853 
7878 

8900 

0936 
1951 
3963 

3973 

4981 
5986 
6989 

7990 
8988 
9984 
0978 
1970 
2959 

3946 

4931 
5913 

6894 
7872 

8848 
9821 
0703 
1763 
2730 

3695 
4658 
6619 

8488 
9441 

oSoi 
1339 
2286 


6 


3419 

4470 
5529 
658i 
7629 

8676 

9719 
0760 


3869 
4901 


7980 

9002 
♦021 
io38 

2052 

3o64 


8584 
9536 
0486 

1434 
238o 

6 


2819 
3902 
4982 

7i33 

8205 
9274 
o34i 
i4o5 
2466 

3535 
458i 
5634 
6686 

7734 

8780 
9024 
0864 
1903 
2939 

3973 
5oo4 
6o32 
7068 
8082 

9104 

0123 

]i39 
2i53 
3i65 

4175 
5id2 
6187 
189 
190 

9188 
oi83 

2i6d 
3i56 

4143 
5i27 
61 10 
089 
067 

9043 
♦016 

1950 
2923 

3888 
485o 
58io 
6760 
77" 

o58i 
1 530 
3475 


\ 


I 


8 


9928 
4010 
5089 
6166 
7241 

83i3 
9381 

0447 
i5ii 

2572 

363o 
4686 
5740 

% 

8884 

0968 
2007 

3o42 

4076 
5io7 
6i35 

2  161 
1 85 

9206 

C224 
1241 
2255 

3266 
4276 

5283 

6287 

2390 
290 


028: 
1276 
2267 
3255 


4243 
5226 
6208 


1187 
Il65 


9140 
01 13 
1084 
9o53 
3oi9 

3984 
4946 


>4 
7820 

8774 

1623 

2569 
8 


9 


3636 
4118 

5197 
6274 
7348 

8410 
9488 
o554 
161 

267 

3736 

5^5 
6895 
7943 

8989 
♦o32 
1072 

2110 

3i46 
4179 

5210 

6238 
7263 
8287 

9308 
o326 
i342 
3356 
3367 

4376 
5383 
6388 

o382 
1375 
2366 
3354 

4340 

5334 
63o6 
7285 
8262 

9237 
0210 
1 181 
2i5o 
3ii6 

4080 
6042 
6002 
6960 
7916 

8870 
9821 
0771 
1718 
3663 


^ 
ro8 
108 
108 
f07 

t07 
107 

IS 

106 

ro6 
to6 
io5 
[05 
(o5 

[o5 
104 
[04 
to4 
to4 

[o3 
[o3 
[o3 
[o3 

[03 

[03 
[03 
[03 
101 
[01 

[OO 

[00 
[00 
[00 

99 

99 
99 
99 
99 
99 

92 

9! 

92 
98 

97 
97 
97 
97 
97 

96 

9? 

9? 

9? 

9J 
95 

D. 


8 


LOGARITHMS  OF  NTJMBEBa 


TaxlmL 


662758 

3701 
4642 
558 1 
65i8 

7453 
8386 

•  9312 
67  0346 

1173 

2098 

302I 

3o42 
4861 
5778 

6694 

n 

«9428 
68o336 

1241 
2145 
3o47 

4045 

5742 
6636 

[529 
$420 

•  9309 

690196 
1081 
1965 

2847 
3727 

46o5 
5482 
6356 
7229 
8101 


70  0704 
1 568 
243 1 

3291 

4131 

5oo8 
5864 
6718 

7570 

6421 

•  9270 

1807 
265o 
349 1 
43S0 
5167 


2852 

3795 
4736 
5675 
6612 

7546 
6479 

9410 
o33o 
1265 

2190 
3ii3 
4o34 
4953 
5870 

6785 
7698 
6609 
9510 
0426 

i332 

2335 

3i37 
403] 
4935 

583 1 
6726 
7618 
85o9 
9398 

0285 
3 


N. 


117 
309 
2o35 

38i5 

4693 
5569 
6444 

^1.8^ 

9057 
9924 

3517 

4236 
5094 


7655 
d5o6 
9355 

0203 
1048 

1892 
2734 

3575 
4414 

525i 


483o 

^^ 

7640 
6572 
95o3 
043 1 
1358 

2283 

32o5 
4126 
S045 
5962 

6876 

789 
00 

10 

65i7 

1437 

2320 

3227 

4127 
5023 


h 


8 


0373 

12^8 

2142 
3o23 
3903 

4781 
5657 
653i 
7404 
8275 

9144 
♦on 
0877 

1741 
36o3 

3463 

4322 

60I? 
6888 

8591 

9440 
0287 

Il32 

1976 
2818 
365o 

53U 


3o4i 
3983 
4924 
586a 
6799 

9596 
o524 
i45i 

2375 
3297 
4218 
5i37 
6o53 

6968 
7881 
8791 

9700 

0607 

i5i3 
2416 
3317 
4217 
5ii4 

6010 
6904 

9576 
0462 

i347 

2230 

3iii 

3991 

4868 

5744 
6618 

^3^2 


3id5 
4078 
5oi8 
5956 
6892 

7826 

0617 
1 54^ 

3390 
43 10 
5228 
6145 

7059 

ra 


8 


^2 

0698 

i6o3 
25o6 
3407 
4307 
5204 

6100 

X 

o55o 
1435 
23i8 
3190 
4078 

4956 
5832 
6706 
578 

449 

9317 
0184 
io5o 
1913 
2775 

3635 

4494 
535o 
6206 
7059 

6761 

0456 
i3oi 

2144 
3986 
3826 
4665 
55oa 


323o 
417a 

5lI2 

6o5o 
6986 

9782 
0710 
1^36 


^535 


3721 

54^^ 
6291 

7144 

9694 
o54o 

i385 

3229 
3070 
3910 


6 


3324 
4366 
5206 
6143 
7079 

8oi3 
8945 
^75 
0802 
1728 

3653 

3574 
4494 

5413 
6338 

7342 

81 54 
9064 

0879 

1784 
2686 
3587 
4486 

5383 
6279 

8064 
8953 
9841 

0728 
1012 

3494 
3375 
4254 

5i3i 
6007 
6880 

52 
22 


u 


631'' 

1233 
3086 
3947 

3807 

4665 
5533 

6376 
7229 

8081 
8931 

1470 

33i3 
3i54 

5669 


8 


3418 
4360 

7173 

8106 
9o38 


l83I 


3895 

4751 
5607 
6463 
73i5 

8166 
90i5 
9863 

0710 
1654 


4078 
4916 
5753 


35i3 

4454 
5393 
633i 
7366 

8109 
9i3i 
♦060 
0988 
1913 

3836 
3758 

559J 
65ii 

7434 
8336 
9346 
01 54 
1060 

1964 
3867 

466^ 
5563 

6458 
7351 
8342 
9i3i 
♦019 

0905 
1789 
3671 
355i 
443o 

53o7 
6i83 
7055 

9664 

o53i 
1395 
3358 
31x9 

%l 

5693 

6547 
7400 

835i 
9100 
9948 

X 

2481 

3333 
4i6a 
5ooo 

5836 

8 


0 

l607 

4548 
5487 

6424 
7360 

8393 
9224 
oi53 
1080 
aoo5 

3939 
385o 

5^ 
6603 

7516 
6437 
9337 
0345 
ii5i 

3o55 

3?57 
4756 
5653 

6547 
7440 
833i 
9330 
0107 

0993 

1877 

Ilk 
4517 

5394 
6369 

7142 
8014 

8883 

975i 
0617 
1483 

2344 
3>o5 

4065 
4932 

7485 

8336 
oi85 
4o33 
0870 
1734 

3566 
3407 
4246 
5o84 
5930 


94 
9< 
94 
94 

93 

9a 
92 

9* 
9» 
9» 

9« 
91 
9« 
91 
91 

90 

90 
90 

90 
90 

I 


88 
88 
88 

88 

87 

U 
86 
86 

86 
86 
86 
85 
85 

85 
85 
85 
85 
84 

84 
64 
84 
84 
84 


TablxL 


LOGARITHMS  OF  LUMBERS. 


N. 


590 
591 

599 

593 
594 

595 
596 

597 
59d 
599 

53o 
53 1 
539 
533 
534 

535 
536 
537 
53B 
539 

540 
541 
549 
543 
544 

545 
546 

546 
549 

55o 

55i 
559 
553 
554 

555 
556 


559 

56o 
56i 
569 
563 

564 

565 
566 


569 

570 

679 
573 

575 
576 

^J 

579 


716003 

6838 

•  9331 

idii 

9634 
3456 

4976 
6095 
5919 
6797 
7341 

8354 
9165 

•9974 

9394 

3197 

3999 
4800 

5599 

6397 
7io3 

8781 
»9J79 

740363 

Il59 

1930 
9795 
35io 

4993 
6075 
6855 
6634 
7419 

8188 
8963 

•  9736 
75o5o8 

1279 

9048 
2816 
3583 
4348 
5ll9 

5875 
6636 

Im 

8919 

•  9668 
760499 

1176 

1098 


'2 
16 


9679 


6087 
6921 


9414 

0949 
1068 
1893 
9716 
3538 


4371 
5i53 
5933 
6719 
7489 

8966 
9040 

9814 
o586 
1 356 

2125 
2893 

366o 
4435 
5189 

5951 
6719 

^930 
8988 

9743 
0498 
I25t 

9oo3 

9754 


6170 
7004 

8668 
9497 

o395 
ii5i 
1975 

3620 


8 


1433 

2209 
2970 

3736 

4301 

5265 

7:>48 
83o6 
9063 

057I 
i326 
2078 
2829 


t 


6954 

7088 
7090 
8751 
9580 

0407 
1233 
2o58 
2881 
3709 


8597 
9408 
0917 

1094 

i83o 

9635 
3438 
4940 
5o4o 
5838 

6635 
743 1 
8295 
9018 
9810 

0600 
i388 

2175 

2901 
3745 

4528 
5309 
6089 
6868 
7645 

8491 
9105 


"79 
3047 
38ii 
4578 
5341 

6io3 
6864 
7624 
8382 
9139 

9894 
0649 

I409 

9i53 
9904 

8 


ni5 
{5i8 


4606 
5387 
6167 

6943 
7722 

8498 
9272 
♦045 
0817 
i587 

2356 
3i23 
3889 
4654 
5417 

6180 
6940 
7700 
8458 
9214 

9970 
0794 

1477 
2228 
2978 


6491 

7254 

8086 

8917 

9745 

0573 
1398 

2299 

3q45 
3866 

4685 
55o3 
6390 
7134 
7948 

8759 
9570 
0378 
1186 
1991 


4400 

5200 

5998 

6795 
^^ 
9968 

2332 

3ii8 
3909 

4684 
5465 
6245 
7023 
7800 

8576 
9360 

0123 

0894 
1664 

2433 

3200 

3966 

4730 
5494 

6256 
7016 

ml 

9290 
♦045 


1332 
23o3 

3o53 


6 


65o4 
7338 
8169 
9000 
9828 

o655 
1481 
93o5 
3197 
3948 

5^ 
6401 
7916 
8099 

8841 
9651 
0459 
1266 
2072 

2876 

4480 

527 

607 

6874 

2670 
463 
9256 
♦047 

o836 
1624 
2411 
3io6 
3980 

4762 
5543 
6323 
7101 
7878 

8653 
9427 
0200 
0971 
1741 

25o9 

3277 
4049 
4807 
5570 

6339 

'X 

8609 
9366 

OI9I 

0875 
1697 
9378 

3i98 
6 


6588 
7491 
6953 
9083 

99" 

0738 
1 563 
9387 
3909 
4o3o 

4849 
5667 
6483 

7297 

8110 
8999 

9739 

o54o 
i347 

9l59 

2956 

456o 
5359 
6157 

6954 

9335 
0126 

0915 
1703 
2480 
3275 
4068 

4840 

5621 
6401 

III 

873i 
9304 
0277 
1048 
1818 

9586 
3353 

4119 
4883 
5646 

6408 
7168 

m 

9441 

oiq6 
0960 
1709 
2453 
3203 


8 


6671 
7504 
8336 
9165 
9994 

0821 
1646 
9469 
3291 
4119 

4931 

5748 
6564 
7379 
6191 

9003 
9813 
0621 
1428 

2233 

3o37 
3839 
4640 
5439 
6237 


7034 


)22 

9414 
0205 

0904 

1782 

2568 
3353 
4i36 

5099 

do33 

8808 
9689 
o354 

II25 

1895 

2663 
343o 
4195 
4960 
5722 

6484 
7244 
8oo3 
8761 
9617 

0279 

1025 

1778 

9520 
397 

8 


9 


6754 
7487 
8419 
9248 
♦077 

0903 

1728 

2559 

3374 
4194 

5oi3 
583o 
6646 
7460 
6973 

9084 
9893 
0709 
i5o8 
93i3 

3ii7 
3919 
4720 
55i9 
63i7 

7ii3 
7908 
6701 


701 


1073 
i860 
9646 
343 1 
42i5 

4997 

7334 
8110 

8885 
9659 
043 1 
1202 
1972 

9740 
3io6 
4979 
5o36 

5799 

6560 

7320 

88^^ 
9592 

o347 

IIOI 

i853 
9604 
3353 


D. 

"sT 

83 
83 
83 
83 

83 
89 
89 
89 
89 

89 
82 
82 
81 
81 

81 
81 
81 
81 
8t 

80 
80 
80 
80 
80 

80 

79 
79 
79 
79 

79 
79 

\ 

78 

'I 
\ 

78 

7: 
T 
T 

r 
r 

T 

r 

76 

76 
76 

75 
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LOGARITHMS  OF  NUMBERS. 


TablbL 


N. 


58o 
58i 
58t 
533 
584 

565 
586 
58 

58; 

589 

590 
591 
593 
593 
594 

595 
596 

5^ 

599 

600 
601 
602 
6o3 
604 

6o5 
606 
607 
6od 
609 

610 
611 

6l3 

6i3 
614 

6i5 
616 
617 
618 
619 

620 
621 
622 
623 
624 

6a5 
626 
627 
628 
629 

63o 
63i 
632 
633 
634 

635 
636 
637 
638 
639 

"if 


T634a8 

4176 
4923 
566o 
64U 

7i56 

#9377 

770115 

o853 
i587 

2322 

3o55 
3786 

4517 
5246 

5974 
6701 

7427 

8i5i 

8874 

•  9596 
780317 

io37 

1755 
2473 
3169 
3oo4 
4617 

533o 

6041 
6751 
7460 
8168 

8875 

•  9581 
79  0285 

oo83 
1091 

2392 
3092 

4488 
5i85 

588o 
6574 
7268 

^^ 

9341 

800029 

0717 

1404 
2089 

3457 
4139 
482I 

55oi 


35o3 
425 1 

4998 
5743 
6487 

723o 

8712 
945i 
0189 

0936 
1661 
2395 
3128 
386o 

4590 
5319 

6047 
6774 
7499 

8224 

0389 
1109 

1827 

2544 
3260 


5401 
6112 
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5864 

5920 

55 

?i3 

6^a6 

6o85 

6140 

6195 

636i 

6416 

6471 

55 

658i 

6636 

6693 

6747 

6802 

6857 

6912 

6067 

7022 

55 

789 

7077 

7i33 

7187 

724a 

7297 

7353 

7407 

746a 

75"7 

7573 

55 

790 

79" 

m 

7682 
da3i 

^12 

as? 

^ 

6451 

^ 

8012 
856i 

8067 
861 5 

8133 
8670 

55 
55 

79a 
793 

8725 
9273 

8780 
9ia8 

8835 
9383 

8800 

8944 
9402 
♦039 

8099 

9^47 

9054 
9602 

t^ 

9164 
97ii 

9218 
9766 

o3l3 

55 
55 

794 

•  9821 

9875 

9930 

0094 

0149 

0203 

0258 

55 

795 

900367 
0913 

o4aa 

0476 

o53i 

o586 

0640 

0695 

0749 
1295 

0804 

0859 

55 

796 

0968 
i5i3 

loaa 

1077 

ii3i 

1186 

1240 

"349 

1404 

55 

79d 

1458 

i567 

163a 

1676 

1731 

1785 
3429 
3873 

1840 

1894 
2438 

"948 

54 

2oo3 

2o57 

ana 

3166 

2221 

3375 

3384 

3493 
3o36 

54 

799 

a547 

2601 

3655 

2710 

2764 

3818 

2927 

3981 

54 

800 

3090 
3633 

3i4i 

3199 

3s53 

3307 

336i 

3416 

3470 

3534 

3578 

54 

801 

3687 

3741 

4876 

3849 

3904 

3958 

4013 

4066 

4130 

54 

802 

4174 

4229 

4383 

43oi 
49^2 

4445 

4499 

4553 

4607 
5r4d 

4661 

54 

8o3 

47  "6 

'^,1 

4834 

4o86 
5536 

5o4o 

6004 
5634 

5aoa 

54 

8q4 

5a56 

5364 

5418 

5472 

558o 

5688 

574a 

54 

80S 

S3t 

585o 

5904 

5958 

6013 

6066 

61 19 
6658 

6173 

6337 
6766 
7304 
7841 
8378 

6a8i 

54 

806 

6389 

6443 

7573 
81 10 

655i 

6604 

6713 

68ao 

54 

80J 
899 

6874 
74n 
7949 

8003 

6081 

7620 
di63 

7  "43 
7680 
6317 

7106 

7734 
8370 

725o 

7358 

54 
54 
54 

810 
811 

8485 
90?" 

8539 
9074 

6593 
9138 

8646 
9181 

9335 

8753 

^1 

8807 
9343 

8860 
9306 

99f> 

8914 
9449 

^ 

54 
54 

8ia 

•  9556 

9610 

9663 

9716 

ss 

9877 

o5i8 

♦037 

53 

8i3 

CI  0091 

0144 

0107 
0731 

035l 

o358 

0411 

0464 

0571 

53 

814 

0634 

0678 

0784 

o838 

0891 

0944 

0998 

io5i 

1104 

53 

8i5 

ii58 

I3II 

1364 

i3i7 

1371 

1424 

"477 

i53o 

i584 

1637 

53 

816 

1690 

1743 

'797 

i85o 

1903 

1956 

3009 

3063 

31 16 

3169 

53 

817 

aaaa 

2375 

3328 

338i 

3435 

3488 

3541 

a594 

3647 
3178 

3700 

53 

818 

3753 

3806 

3859 

3913 

3966 

3oio 

3073 

3i35 

333i 

53 

819 

3384 

3337 
1 

3390 
2 

3443 
8 

3496 

3549 

36o3 

3655 

1 

370R 

3761 

5) 

N. 

0 

4 

0 

6 

8 

9 

14 


N. 

830 
891 

823 

833 
834 

835 
836 
827 
838 
839 

83o 
83i 
833 
833 
834 

835 
836 

838 
839 

840 
841 
843 
843 
844 

845 
846 
847 
848 

849 

85o 
85i 
853 
853 
854 

855 
856 
857 
85d 
859 

860 
861 
86a 
863 
864 

865 
866 
867 
868 
869 

870 

871 
873 
873 
874 

875 
876 


01 38 14 
4343 

4873 
5400 
5937 

6454 
6980 
7606 
do3o 
8555 

9078 

•  9601 
930133 

0645 
1166 

x686 
3206 
3725 

3a4i 
3763 

4279 
4796 
53i3 
6828 
6343 

6857 

6396 
6908 

9419 

♦  9930 
930440 

1966 

3474 

3981 
3487 
3993 

4498 
5oo3 
65o7 
601X 
65 14 

7016 
7518 
8019 
8530 
9030 

9510 

940018 

o5i6 

X014 
i5ii 

3008 
85o4 
3ooo 

34o5 
3989 
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4 


3867 
4396 
4935 
5453 
5980 

65o7 
7o33 
7558 
do83 
8607 

9i3o 
9653 
0176 
0697 

I3l8 

1738 

2358 

38i4 

433 1 
4848 
5364 
5879 

6394 

6908 
7433 
7935 

8447 
8959 

0491 
1000 
1 509 

3017 
3534 
3o3i 
3538 
4044 

4549 
5o54 
5558 
6o6x 
6564 

7066 
7568 
6069 
8570 
9070 

^ 

o566 
1064 
i56i 

3o58 
3554 
3o49 
3544 
4o38 


Tabli 

■  L 

LOGABITUMS  OF  NUMBERS.            16  | 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

D. 

880 

944483 

4532 

4S8t 

463i 

4680 

4739 

4779 

4828 

4877 

4937 

49 

881 
88a 

5lZ$ 

5025 
55i8 

5307 

5i34 
56i6 

5173 
5665 

5322 

5715 

5272 
5764 

5321 
58i3 

5370 
5862 

5419 
5oi2 

49 
49 

883 

5961 

6010 

60S9 

6108 

6157 

6307 
6698 

6256 

63o5 

6354 

64o3 

49 

884 

6452 

65oi 

65^1 

6600 

6649 

6747 

6796 

6845 

6894 

49 

885 

6943 

^! 

7?4» 

8070 

856o 

7^0 

7189 

7238 

7387 

7336 

7385 

49 

886 

7434 
8413 

7483 

7539 

8032 

85ii 

7630 
8119 
8609 

1% 

8657 
9146 

77a8 
8317 
8706 

8755 

7826 
d3i5 
8804 

8853 

49 
49 
49 

889 

8902 

8951 

8999 

9048 

9097 

9195 

9344 

9292 

9341 

49 

^ 

9292 

9439 
9926 

0414 

9488 

9536 

9585 

9634 

9683 

973i 

9780 

o8o3 

49 

89a 

*9878 
95o365 

9975 
0462 

♦034 
o5ii 

0073 
o56o 

0121 
0608 

0170 
0667 
114^ 
1639 

oaio 
0706 

0267 
0754 

49 
49 

894 

o85i 
1 338 

0900 
i386 

r^ 

1^ 

1046 
1532 

1095 
i58o 

1193 

1677 

1240 
1726 

1280 

1775 

49 
49 

895 

1823 

1872 

a356 

1920 

'^ 

3017 

2066 

3114 

3163 

2211 

2260 

48 

896 

s3o8 

a4o5 

35o3 

255o 

l^ 

2647 

2696 
3i8o 

2744 

48 

^ 

279a 

9841 

2889 
3373 
3856 

2938 

3986 

3o34 

3i3i 

3228 

48 

3376 
3760 

3335 

3421 

3470 
3963 

35i8 

3566 

36i5 

3663 

3711 

48 

899 

38o8 

3905 

4001 

4049 

4098 

4146 

4194 

48 

900 

4343 

4391 

4339 

4387 

4435 

4484 

4533 

458o 

4628 

^ 

48 

901 

47a5 

4773 
5a55 

4821 

4869 

4oi8 

4966 

5oi4 

5o63 

5iio 

48 

90a 

5to7 
568d 

53o3 

53$i 

5399 

5447 
5928 

5495 

5543 

5592 

5640 

48 

903 

5736 

5784 

5832 

58oo 

m 

6034 

6072 
65i3 

6120 

48 

9^ 

6168 

6216 

6265 

63i3 

636i 

6409 

65o5 

6601 

48 

905 

6640 
7ia8 

1 

8i34 

6745 

6793 

6840 

6888 

6936 

6984 

7o32 

7080 

48 

906 

7324 

7313 

17^1 
8339 

7330 

7368 

7416 

7464 

75i2 

85i6 

48 

?s 

n 

lit 

7799 
87?? 

8326 

23^ 
885o 

2943 
8431 

m 

48 
48 

909 

8564 

8612 

8659 

8707 

88o3 

8898 

8946 

8994 

48 

910 

9?^i 

^ 

9137 

9i85 

9333 

9380 

9338 

9375 

9423 

9471 

48 

911 

9518 

9614 

9^i 

oi85 

0233 

9804 

9?*J 

in 

o85i 

9947 
0433 

48 

91a 

«9995 

♦042 

0090 
0566 

01 38 

0380 

o338 

48 

9l3 

960471 

o5i8 

o6i3 

0661 

0709 

0756 

0804 

0899 

48 

9U 

0946 

0994 

1041 

1089 

ii36 

1184 

133l 

1379 

1326 

1374 

47 

9i5 

Uai 

1469 

i5i6 

i563 

1611 

1658 

1706 

1753 

1801 

1848 

47 

916 

1895 

194^ 

1900 

3464 

2o38 

3o85 

2l32 

3i8o 

3337 

2275 

3322 

47 

91^ 

2369 

2417 

a5ii 

3559 

2606 

3653 

3701 

2748 

11^ 

47 

2843 

2890 
3363 

3937 

3985 

3o33 

35?2 

3136 

3174 

3221 

47 

919 

33 16 

3410 

3457 

35o4 

3599 

3646 

3693 

3741 

47 

920 

3788 

3835 

3882 

3929 

3977 
444d 

4919 

t 

4024 

4071 

4118 

4i65 

4212 

47 

921 
9aa 

4260 

4731 

4307 

477* 

4354 
4825 

4401 

4872 

4495 
4966 

4542 
5oi3 

4590 
5o6i 

4637 
5iod 

4684 
5i55 

47 
47 

9a3 

5aoa 

5249 

5296 
5766 

5343 

5437 

5484 

553 1 

5578 

5625 

47 

9a4 

6672 

5719 

58i3 

5907 

5954 

6001 

6048 

6095 

47 

9a5 
9a6 

614a 
6611 

6189 
6658 

6236 
6705 

6a83 
6752 

6329 
6759 
7»7 

8203 

6376 
6845 

6423 
680a 

6470 
6930 

65i7 
6986 

6564 
7033 

47 
47 

9a6 
929 

7?®2 

i 

7173 

■y??? 

7314 

7361 

7454 

75oi 

47 

1548 
6016 

7642 
8109 

7688 
di56 

3782 
d249 

l^ 

^^ 

1^ 

^ 

47 

47 

930 

8483 

853o 

8576 

86a3 

8670 

8716 

8763 

8810 

8856 

'^ 

47 

93i 
93a 

8950 
941* 

^ 

9043 
9500 
9975 

9090 
9556 

9i36 
9602 

9i83 
9649 

010 1 

9376 
974a 

9323 
9789 

^ 

47 
47 

933 

•  9882 

^ 

♦021 

0068. 

0IT4 

0307 

0254 

o3oo 

S 

534 

970347 

0440 

0486 

o533 

0579 

0626 

0673 

0719 

0765 

935 
936 

0812 
1276 

od58 
i3a2 

0904 
i369 

0951 
I4i5 

0997 
1461 

1044 

i5o8 

1090 

1554 

1137 
1601 

ii83 
1647 

1229 
1693 

46 
46 

^ 

1740 
2ao3 

1786 
2249 

|832 
2295 
27S 

1^9 
3342 

iQa5 
3388 

1971 
24^4 

20t8 

2481 

3064 
3537 

2110 
2573 
3o35 

3137 

9619 

46 
46 

939 
N. 

2666 

271a 
1 

2804 

385i 

2897 

2943 

2989 

3o8a 

46 
D. 

0 

2 

8 

4 

0    • 

7   8 

9 

16 

N. 
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940 
941 
943 
943 
944 

945 
946 
947 
946 
949 

950 
95 1 
952 
953 
9^4 

955 
956 

lU 

959 

960 
961 
063 
963 
964 

965 
966 


969 

970 

971 
973 
973 
974 

97? 

976 

977 
978 

979 

980 
981 
98a 
983 
984 

985 

986 

989 

990 
991 

992 
993 

994 

99? 
996 

997 
998 

999 

N. 


973138 
3590 

4o5i 
45i3 

497a 

543a 
5891 
635o 
6808 
7366 

di8i 
8637 
9093 
9548 

980003 
o458 
091a 
i366 
1819 

3271 
3733 
3175 
3636 
4077 

4537 

5436 
5875 
6334 

6773 

8559 

9005 

945o 

•  9805 

1326 
1669 

3III 
3554 
2995 

3436 
3877 
4317 

5196 

5635 
6074 
65ia 

^n 

7823 
da59 
660$ 
9l3i 
9565 


3174 
3636 

45^^ 
5oi8 


5478 


1370 
1713 
3i56 

l^ 

3o39 

3480 
3921 
436i 
4801 
5340 

5679 
6117 
6555 
6993 
74*) 

83o] 
8739 

9^74 
9609 


8 


t 


3330 

3689 
4143 
4604 
5o64 

5534 
5983 
6443 
6900 
7358 

81 5 

37a 
8738 

9184 
9639 

0094 
o54o 
ioo3 
1456 
1909 

3363 

2814 

3365 
3716 
4167 

4617 
5067 
55i6 
5965 
64i3 

6861 


I 


303 

8648 

9539 

9983 
0438 
0871 

i3i5 
1758 

3  200 
2642 

3o83 

3534 
3965 
44o5 
4845 
5a84 

5733 
6161 
65o9 
7037 
7474 

6?47 
8782 
9218 
9652 


3a66 
3718 
4189 
465o 
5iio 

5570 
6039 
6488 
6946 
74o3 

7861 
d3i7 

8774 
933o 
9685 

0140 
0594 
1048 
i5oi 
1954 

3407 
2859 
33io 

3762 

4213 

4663 
5lI3 

556i 
6010 
6458 


7353 

2800 
347 
8693 

9i38 
9583 
♦038 

0473 
0916 

1359 

l803 
3244 

2686 

3i37 

3568 
4009 

4449 
4880 
5338 

5767 
6ao3 
6643 
7080 
7517 

^ 

8836 
9361 
9696 


33i3 

3774 
4345 
4696 
5i56 

56i6 
6075 
6533 
6993 
7449 


163 
8810 
9375 
9730 

oi85 
0640 
1093 

1 547 

3000 

3453 
3904 

3356 
3807 
4357 

5i57 
56o6 
6o55 
65o3 

6o5i 

7845 
S391 
8737 

9183 
9638 
0073 
o5i6 
0960 

i4o3 
1846 
3288 
3730 
3173 

36i3 
4o53 
4493 
49^3 
5373 

58ii 

6349 
6687 

7134^ 

7561 

6414 
8860 
9306 
9739 


3359 
3820 
4381 
4743 

5303 

566a 
6l3I 
6579 

7037 
7493 

295a 
6409 
8865 
93ai 
9776 

033 1 
0685 
ii39 
159a 
ao45 

2497 
3949 
3401 
385a 
43oa 

475a 
5ao9 
565i 
6100 
6548 

6996 
7443 


878a 

9"7 
9673 

0117 

o56i 

1004 

1448 
1890 
3333 
?774 
33i6 

3657 
4537 

5410 

5854 
6a93 
6731 
7168 
7605 

8041 

9^48 
9783 


3701 

4141 
458i 
5oai 
5460 

56q8 
6337 
6774 

7313 
7648 

8o85 
8531 
8o56 
939a 
9836 

6 


345i 
3913 
4^74 
4834 
5394 

5753 
6aia 

6671 

V^ 

8043 
85oo 
8956 
9413 
9867 

o3aa 
0776 

1339 

i683 
3135 

3588 
3o4o 
3491 
3943 

4^3 

4843 
5393 

5741 
6189 
6637 

7085 
7533 

8871 

9316 
9761 
0206 

o65o 
X093 

i536 
1979 
a42i 
3863 
33o4 

3745 
4i85 
46a5 
5o65 

55o4 

594a 
638o 
6818 
7355 
7693 

8199 
8564 
9000 
9435 
9870 


8 


4430 
4880 
5340 


63 

6711 

]Ui 

8089 
8546 
9003 
9457 
9913 

o367 
0831 
1375 
I7a8 
ai8i 

3633 
3o85 
3536 
3987 
4437 

4887 
5337 
5786 
6334 
668k 

7i3o 

7^77 
8oa4 
8470 
8916 

9361 
9806 
o25o 
0604 
ii37 

i58o 
3oa3 
3465 

3^ 

3789 
4339 
4660 
5i^ 
5547 

5986 
6434 
686a 

817a 
8608 
9043 

9479 
99i3 

8 


9 


3543 
4oo5 
4466 
4936 
5386 

5845 
63o4 
6763 
7330 
7678 

8i35 
8591 

95oi 
9958 

041a 

0867 

l330 

1773 

3336 
3678 

3mo 
358i 
4o3a 
448a 

4033 
538a 
583o 
6379 
6737 

7175 
763a 
do68 
85i4 
8960 

94o5 
9850 
0394 
0738 
1183 

1635 
3067 
a5o9 
ao5i 
3^93 

3833 
4373 
4713 
5i5a 
5591 

6o3o 
6468 
6906 
7343 

7779 

8a  16 
865a 
9087 
9533 

99^ 


D. 


46 
46 
46 
46 
46 

46 
46 
46 
46 
46 

46 
46 
46 
46 
46 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
44 
44 
44 
44 

44 
44 
44 
44 
44 

44 
44 
44 
44 
44 

44 
44 
44 
44 
44 

44 
44 
44 
44 
43 

IT 


TABLE   II. 


LOGARITHMIC  SINES   AND  TAN6ENT8. 


Foa 


EVERY  DEGREE  AND  MINUTE  OF  THE  aUADRANT. 


If  tne  logarithms  of  the  valaes  in  Tablo  III.  be  each  incrcaacd  by  lo,  the  results 
will  be  the  values  of  this  table. 

The  logorithmio  Secants  and  Cosecants  are  not  given.  They  may  be  readily  ob- 
Uuned,  as  follows  :--Sabtract  the  logarithmic  Cosine  from  lo,  and  the  remainder 
will  be  the  logarithmlo  Seoant ;  sobtraot  tlie  logarithmic  Bine  from  9o,  and  the 
i>iinainder  will  be  the  logarithmJe  Coseoanl. 
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LOOARITHMIO  SINES,  TANGENTS,  ETC.        Table  H. 


0° 


179» 


0 

I 

a 
3 
4 
5 
6 

I 

9 

10 

II 

13 

i3 

14 
i5 
i6 

]l 

19 

20 

21 

32 
23 

24 
25 
26 
2 

29 
3o 

3i 

33 

33 

34 
35 
36 

u 

39 
40 

4i 
4a 
43 
44 
45 
46 

ii 

5i 
5a 
53 

54 
55 
56 

U 


Sine. 


Inf.  Neg. 

6*463736 

764756 

940847 
7.065786 
163696 
241877 
3o88a4 
3668i6 
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8.581208 

55 10 

08 

684514 

5468 

08 
08 

687795 
591001 

6427 
5387 

08 

594283 

5347 
53o8 

08 

597492 

08 
08 

600677 
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or 


NATURAL   SINES   AND  TANGENTS; 


TO 


EVERY  DEGREE  AND  MINUTE  OF  THE  QUADRANT. 


If  the  given  angle  is  less  than  45^,  look  for  the  degrees  and  the  title  of  tlic 
column,  at  the  top  of  the  page ;  and  for  the  minutes  on  the  l^t.  Bat  If  the  angk 
IS  between  45^  and  90^,  look  for  the  degrees  and  the  title  of  the  colamn,  at  tliC 
Oifttom;  and  for  the  minntes  on  the  right. 

The  Secantt  and  OoseeanU^  which  are  not  inserted  in  this  table,  may  be  easi^ 
sapplled.  If  I  be  divided  by  the  cosine  of  an  arc,  the  quotient  will  be  the  secant 
cf  that  afc.    Aud  if  i  be  divided  "bj  til*  alnei  tlie  quotient  will  be  the  cosecant. 

The  valnes  of  the  Sinet  and  Cosines  are  less  than  a  unit,  and  are  g^ven  in  ded- 
mals,  although  the  decimal  point  is  not  printed.  80  also,  the  tangnts  of  arcs  Idso 
than  45^,  and  cotangents  of  arcs  greater  than  45<^,  are  less  thac  a  unit  anl  arc  ex- 
pressed in  decimals  with  the  decimal  point  omitted. 
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NATURAL  SINES  AND  COSINES. 
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40 


Sine. 


06976 
07005 
07034 
07063 
07093 
07131 
07l5o 
07170 
07308 
07337 
07366 
07395 
07324 
07353 
07382 
0741 1 

07440 

07460 

07498 

07537 

07550 

07585 

07614 

07643 

07673 

07701 

07730 

0775 

0778 

07817 

07846 

07875 

07904 

07933 

07963 

07991 

08020 

08049 

0807a 

08107 

081 36 

o8l65 

08194 
08333 
08353 
08381 

o83io 
08339 
o8368 
08397 
08436 
08455 
08484 
o85i3 
08543 
08571 
08600 
08639 
08658 
08687 
08716 


Cosine. 


Cosine. 


99756 

99754 
99752 
99750 
99748 
99746 
99744 
99743 
99740 
99738 
99736 

99734 
99731 
99739 

99727 
99735 

99719 
99716 

997>4 
99712 
99710 
99708 
99705 
99703 
99701 


99 
99666 

99664 
99661 
99659 
99657 

99654 
99653 
99649 
99647 
99644 
99643 
99639 

99635 
99633 
99630 

99627 
99635 
99633 
99619 


Sine. 


85*^ 


60 

u 

55 
54 
53 

5i 

5i 

5o 

4 

4 

ii 

45 

44 
43 

4a 
41 
40 
3 

?7 
36 

35 

34 
33 

33 

31 
3o 

3 

91 

35 

34 

23 

22 

21 

0 


I 


I 
I 


4 
3 
2 
I 

0 

I 
I 

5 
4 
3 
2 
I 
o 
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o 
I 

a 
3 
4 
5 
6 

I 

9 

10 

II 

12 

i3 

i4 
i5 

i6 

\l 

»9 

20 
21 
22 
23 
24 
25 
26 

U 

3r 
3a 
33 

34 

35 
36 

u 

39 
40 

41 
42 
43 
44 
45 

h 

5i 

52 

W 
54 
55 
56 


'6o 


Woa 


08716 
08745 
08774 
o8do3 
o883i 
08860 
08889 
08918 
08947 
08970 
09005 
09034 
09063 
09092 
09121 
091 5o 

0917 

0920 

09237 

09266 

09295 

09324 

09353 

09382 

0941 1 

09440 

09460 

09498 

09527 

09556 

09585 

09614 

09642 

09671 

09700 

0972 

0975 

09187 

09816 

09845 

09874 

09903 

0993  a 

09961 

09990 

10019 

0048 
0077 
0106 
oi35 
0164 
0192 
0221 

025o 

027 

o3o 

0337 

0366 

0395 

0424 
0453 


Corine. 


Coriae. 


99619 
99617 

99614 
99612 
99609 

99607 
99604 
99602 

99599 
99596 

99594 

99588 
99586 
99583 
99580 

99578 
99575 

99572 

99570 
99567 

99564 

99562 

99550 

99556 

99553 

99551 

99548 

99545 

99542 

99540 

99537 

99534 
99531 
99528 
99526 
99523 
99520 
99517 

99514 
99511 
99508 
99506 
995o3 
99500 

99497 

99494 

99491 
99488 

99485 

99482 

99479 
99476 
99473 
99470 
99467 
99464 
99461 
99458 
99455 
99452 


W* 


6<» 


Siiw.  Cosine. 


10453 
10482 
io5ii 
io54o 
10569 
10597 
10620 
10655 
10684 
10713 
10742 

lOTJl 

10800 
10829 
io85d 
10887 

10916 
10945 
10973 
11002 
iio3i 
11060 
1 1089 
11118 

II 147 
11176 

11205 

11234 
11263 
11291 
11 320 

11349 
11378 
11407 
11436 
11465 

11494 
II 523 
II 552 
ii58o 
11609 
11638 
1 1667 
1 1696 
11725 
II 754 

H783 
ii8ia 
1 1840 
II 
II 
11921 
11956 
1 1985 

13014 

12043 
12071 
laioo 
12129 
iai5d 
12187 


Cgdat. 


99452 

99449 
99446 
99443 
99440 
99437 
99434 
99431 
994aB 
99424 

9942' 
99418 

994i5 
99412 
99409 
99406 

99402 

99399 
99396 

99393 

^^ 

99383 
99380 

99377 
99374 
99370 
99367 

99364 
99360 
99357 

99354 
99351 

99347 
99344 
99341 
99337 
99334 
99331 
09327 
69324 
99320 
99317 
99314 
99310 
99307 

993o3 
99300 

99297 
99293 

^^ 

99283 

9927 

9927 

99272 

99260 

99263 

99262 

99258 

99255 


ShMw 


88<> 


Bine. 


2187 
2216 
2245 
2274 
2302 

233 1 
236o 
2389 
2418 
2447 
2476 
25o4 
2533 

2562 

2591 
2620 

264 

267 

2706 

2735 

2764 

2193 

2822 

285i 

2880 

2908 

2937 

2966 

2995 

3o24 
3o53 

3o8i 
3iio 
3i39 
3i6d 

3226 
3254 
3283 
33i2 
3341 
3370 
3399 
3427 
3456 
3485 

35i4 
3543 
357a 
36oo 
3629 
3658 
3687 
3716 
3744 

383 1 
3860 
3889 
3917 


Codne. 


99255 
99a5i 
99248 
99244 
99240 
99237 
99233 
99230 
99226 
99222 

99219 
99215 
99211 
99208 

99204 
99200 


99094 


Mm. 


85^ 


8< 


Bine. 


3917 
3946 
3975 
4004 
4o33 
4061 
4090 
4119 
4148 

4177 
42o5 

4234 
4263 
4292 
4320 
4349 

4378 
4407 
4436 
4464 
4493 
4522 
455 1 
458o 
4608 
4637 
4666 
4695 
4723 
4752 
4781 

4810 
4838 
4867 
4896 
4925 
4954 
4982 
5oii 
5o4o 
5069 


5ia< 

5i55 

5i84 

5212 

5a4i 
5270 

5327 
5356 
5385 

5414 
544a 

5471 
55oo 
5599 
5557 
5586 
56i5 
5643 


Coeine. 


CoKne. 


99027 
99023 

99019 
99015 

9901 1 

99006 

2 


98994 


98986 
98982 
98978 
98973 
98960 
98965 

98961 

98953 
98948 

98944 
98940 
98936 
98931 
98927 
98923 
98919 

98914 
98910 
98906 
98902 

9889] 
98889 

98884 
98880 
98876 
98871 
98867 
98863 

98858 
98854 
98849 
98846 
98841 
98836 

98832 
98827 
98823 
98818 

98814 
98809 
98805 
98800 
98796 

98778 


Sine. 


sv 


Ik 


90 


Sine. 


5643 

5672 
5701 
5730 
5758 

dil 
5845 
5873 
5902 
5931 

^ 

6017 
6040 
6074 

6io3 
6i32 
6160 
6189 
6218 
6246 
6275 
63o4 
6333 
6361 
6390 
6419 
6447 
6476 
65o5 

6533 
6562 
6591 
6620 
6648 

^U 

6734 

6763 

6792 

6820 

684 

687 

6906 

6935 

6964 
6992 
021 
o5o 
078 
107 
1 36 
164 
193 
222 
25o 

^ 

336 
365 


Cosine. 


98769 
98764 
98760 
98755 
98751 
98746 
98741 

9^737 
98732 
98728 
98723 
98718 

98714 
98709 

98704 
98700 

98695 
98690 
98686 
98681 
98676 
98671 
98667 
98662 
98657 
98652 
98648 
98643 
98638 
98633 
98629 

98624 
98619 

98614 
98609 
98604 
98600 
98595 
98590 
98585 
98580 
98575 
98570 
98565 
98561 
98556 

98551 
98546 
98541 
98536 
98531 
98626 
98511 
98516 
98S11 
98506 
^85oi 
98496 

^ 

9848X 


Celine. 


Sine. 


8ao 

mmmmtmm 


60 


u 

55 

54 
53 
5a 
5i 
5o 


S 


4e 
45  I 

44 
43 
42 

41 
40 

U 

35 

34 
33 

32 

3i 

3o 

29 
28 

U 

25 

24 

23 
22 
21 
20 


I 
I 

5 
4 
3 


3 
2     ! 


I 


■■# 
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NATURAL  SINES  AND  COSINES. 


Table  III 


o 
I 

2 

3 
4 
5 
6 

I 

9 

10 

II 
la 
i3 

14 
i5 

i6 

\l 

J9 

30 
21 
33 
33 

24 

35 

36 

3 

3 

3o 
3i 

32 

33 
154 

35 

36 

3 

3 

39 

40 

4i 
43 
43 
44 
45 

46 

% 

49 

DO 

5i 

53 

53 
54 
55 


u 


•6o 


t 


lO^' 


Sine.    Coaine. 


7365 
7393 
7422 
745i 

?S§ 

753 

756 

7594 

7633 

765 1 

7680 

7708 

V-M 

7794 

7833 
7853 
7880 

7909 

7966 

^1 

8o53 
8081 
8109 
81 38 
8166 
8195 
8324 

8252 

8281 
8309 
8338 
8367 
8395 

8424 
8452 
8481 
85o9 
8538 
8567 
859$ 
8624 
8652 

8681 

8710 
8738 

8794 

8834 

8852 

8881 

8910 

8938 

896' 

899: 

9034 
9o52 
9081 


Cosin*. 


98481 
98476 
98471 
98466 
98461 
98455 
98450 
98445 
98440 
98435 
98430 
98425 
98420 

98414 
98409 

98404 

98399 
98394 
98389 
98383 
98378 
98373 
98368 
98362 
98357 
98352 

98347 
98341 
08336 
98331 
98325 

98320 
983i5 
98310 

9S304 
98299 

98294 
98288 
98283 
98277 
98272 
98267 
98261 
98255 
98250 
98245 

98240 
98234 
98229 
98223 
98218 
98212 
98207 
98201 
98196 
98190 
98185 

9817: 

98168 
98163 


Sine. 


•7yo 


IV 


Bine. 


9081 

?:!§ 

9167 
9195 

9224 
9252 
9281 
9309 

9338 
9366 
9395 
9423 
9452 
9481 
9509 

9538 
9566 
9595 
9623 
965a 
9680 
9709 

9737 
9766 

9794 
9823 
9851 
9880 
9908 
9937 

9965 

9994 
20022 

2005l 

20070 
20108 
2oi36 
201 65 
20193 
20222 

2025o 

20279 
2o3o7 
20336 
2o364 

20393 
20421 
2o45o 
20478 
2o5o7 
2o535 
2o563 
20592 
20620 
20649 
20677 
20706 
20734 
20763 
20791 


CotilWk 


Codoe. 


98163 
98157 
98152 
98146 
98140 
98135 
98129 
98124 
98118 
98112 
98107 
98101 
98096 
98090 
98084 
98079 

98073 
98067 
98061 
98056 
98050 

98044 
98039 
98033 
98027 
98021 
98016 
98010 
98004 
97998 

97993 

97987 
97981 

97975 
97969 
97963 
97958 
97952 

97946 
97940 

97934 
97928 
97922 
97916 
97910 
97906 

97890 
97803 

978S7 
97881 

97875 
^7^ 

97857 
97851 
97845 
97839 
97833 
97827 
97821 
97815 


Buut, 


T8^ 


12° 


18* 


U<> 


Sine. 


20791 
20020 
20848 
2087] 
20905 
20933 
20962 
20990 
019 

047 
070 
104 
l32 

161 

189 
218 

246 
275 
3o3 
33i 
36o 
388 

443 
474 
5o2 
53o 
559 
587 
616 
644 

672 
701 

786 
814 
843 

890 
928 

956 
985 

220l3 
22041 
22070 

22098 
22126 
22l55 
23183 
22212 
22240 
22268 
22297 
22323 
22353 
22382 
22410 

22438 
22467 
22496 


Co«in«'. 


Cosiae. 


97815 
97800 
97803 


97 
97 
97 
97 
97 
97 
97 
97 
97 
97 
97 
97 
97 

97 
97 


97 

78 

u 

60 

54 
48 
42 
35 
2 

II 
97705 
97698 
97602 
97686 
97680 
97673 
97667 
97661 
97655 
97648 
97642 

97636 
97630 

97623 
97617 
9761 1 

97604 
97598 
97502 
97585 

9757^ 

97506 
97560 
97553 

97547 
97541 
97534 

97528 

97521 

9^515 

97508 

97502 

974<  ' 

9741 

974' 

97476 

97470 

97463 

97457 
97450 

97444 

97437 


Sins. 


T7« 


Sine. 


22495 
22523 
22552 
2258o 
22608 
22637 
22665 
22693 
22722 
22750 
22778 
22807 
22835 
22863 
22892 
22920 

22948 
22977 
23oo5 
23o33 
23062 
23090 
23ii8 
23 146 
23175 
232o3 

2323l 

23260 
23288 
233 16 
23345 

23373 
23401 
23429 
23458 
23486 
235i4 
23542 
23571 
23599 
23627 
23656 
23684 
23712 
23740 
23769 

lilt 

23853 
23882 
23910 
23938 
23966 
23995 

24023 

24o5i 
24079 
24108 
24i36 
24164 
24192 


Cosine; 


Co»ine.  •  Sine. 


97437 
9743o 
97424 
97417 
97411 
97404 
97398 
973QI 
97384 
97378 

97365 
97358 
97351 
97345 
97338 

97331 
97325 
97318 
97311 
97304 
97298 
97201 

97284 
97278 

97271 
97264 
97257 
9725i 

97244 
97237 

97230 
97223 

97217 
97210 

97203 

97 
97 
97 
97 
97 
97 
97 
97 
97 
97 

97 

97 

97 

97 

97 

97 
9701 

97079 
97072 
97065 
97o58 
97o5i 
97044 
97037 
97o3o 


82 
76 

62 
55 
48 
41 
34 

27 
20 

i3 

06 

00 

093 

086 


Sine. 


Yeo 


24192 
24220 
24249 

24277 

243o5 
24333 
24362 
24390 
24418 
24446 
24474 
245o3 
24531 
24559 
24587 
2461 5 

24644 
24672 
24700 
24728 
24756 
214784 
2481 3 
24841 
24869 
24897 
24926 
24954 
2498a 
25oio 
25o38 

25o66 
25094 

25l22 

25i5i 
25179 
25207 
25235 
25263 
25291 

25320 

25348 
25376 
25404 
25432 
25460 

25488 
255i6 
25545 
25573 
256oi 
25629 
25657 
25685 
257 1 3 
20741 
25760 
25798 
25826 
25854 
2588a 


Cosine. 


97o3o 
97oa3 
97015 
97008 
97001 


96980 

^ 

96959 
96952 
96945 

96937 
96930 

96923 

96916 
96909 
96902 

96894 
96887 
96880 


Cosines 


96858 
96851 

96844 
96837 
96829 
96833 
96815 

96807 
96800 
96793 
96786 
96778 
96771 
96764 
96756 
96749 
96742 
96734 
96727 
96719 
9671a 
96705 

96697 


96675 
96667 
96660 
96653 
96645 
96638 
96630 
96623 
96615 
96608 
96600 
96593 


w* 


60 

5 
5 

u 

55 
54 
53 
5a 
5i 
5o 

4I 

47 
46 
45 

44 
43 
4a 
41 
40 

U 

35 
34 
33 
3a 
3i 
3o 

U 

a5 

34 

33 
aa 

ai 
ao 

i5 

14 
i3 
la 
II 
10 

2 
I 

5 

4 
3 
1 
1 

o 
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o 
1 
a 
3 
4 
5 
6 

I 

9 

10 

II 

12 

i3 

14 
i5 

i6 

\l 

19 

20 
21 
22 
23 

24 

25 

26 

2 

2 

29 

So 
3i 

32 

33 

34 

35 
36 
3 
3 

39 

40 

41 
42 
43 
44 
45 

46 

il 

5i 

52 

53 

54 
55 
56 

U 


w 


Sine.  Cosine. 


25882 
25910 
25938 
25966 
25994 
26022 
26o5o 
26079 
26107 
26135 
26163 
26191 
26219 
26247 
26275 
263o3 

2633 1 
26359 
26387 
26415 
26443 
26471 
265oo 
26528 
26556 
26584 
26612 
26640 
26668 
26696 
26724 

26752 
26780 
26do8 
26836 
26864 
26892 
26920 
26948 
26976 
004 
o32 
060 
088 
116 
144 

172 
200 
228 
256 
284 

3l2 

340 
368 
396 

424 
452 
480 
5o8 
536 
564 


965o3 
96585 
96578 
965^0 
96502 
96555 
96547 
96540 
96532 

96524 
96517 
96509 
96502 
96494 
96486 
96479 

96471 
96463 
96456 
96448 
96440 
96433 
96425 

96417 
96410 
96402 
96394 
96386 
96379 
96371 
96363 

96355 

96347 
96340 
96332 
96324 
96316 
96308 
96301 
96293 
96285 

96277 
96269 
96261 
96253 
96246 

96238 
96230 
96222 

96214 
96206 
96198 
96190 
96182 

96174 
96166 
96158 
96150 
96142 
96134 
96126 


CoRne. 


Sin*. 


740 


W 


Sine. 


Cotine. 


27564 
27592 
27620 
27648 
27676 
27704 
27731 
27759 

27815 
27843 
27871 
27899 

27955 
27983 

2801 1 
28039 
28067 
2809^ 
28123 
28i5o 
28178 
28206 
28234 
28262 
28290 
283 18 
28346 

28374 
28402 

28429 
28457 
28485 
285i3 
28541 
28569 
28597 
28625 
28652 
28680 
28708 
28736 
28764 
28792 
28820 

28847 
2887$ 
28903 
28931 

'^ 
28987 

29013 

29042 

29070 

29098 

29126 

29154 

29182 

29209 

29237 


Codne. 


96126 
96118 
96110 
96102 

96094 
96086 
96078 
96070 
96062 
96054 
96046 
96037 
96029 
96021 
96013 
96005 

95981 
95972 
95964 
95956 
95948 
95940 
95931 
95923 
95915 

95898 
95890 
95882 

95874 
95865 
95857 
95849 
96841 
95832 
95824 
95816 
96807 

9?799 
95791 
95782 

96757 

95749 
95740 
95732 
95724 
95715 

95690 
95681 
95673 
95664 
95656 

95647 
95639 
9563o 


Sioe. 


1B'> 


170 


Bine. 


29237 
29265 
29293 
29321 
29348 
29376 
29404 
29432 
29460 
29487 
29515 
29543 
29571 
29690 
29626 
29654 

29682 
29710 
29737 
29765 
29793 
29821 
29849 
29876 
29904 
29932 
29960 
29987 
3ooi5 
3oo43 
30071 

30098 
30126 
3oi54 
30182 
30209 
30237 
3o263 
30292 
3o320 
3o348 
30376 
3o4o3 
3o43i 
30459 
30486 

3o5i4 
3o542 
30670 

3^? 

3o653 
3o68o 
30708 
3o736 
30763 
30791 
30819 
30846 
30874 
30902 


Coeiae. 


Codne. 


9563o 
95622 
956i3 
956o5 
95596 
95588 
95579 
95571 
95562 
95554 
95545 
95536 
95528 
95519 
9551 1 
95502 

96493 
95485 
95476 
95467 
96459 
96450 
95441 
96433 
95424 
95415 
95407 
95308 
95389 
95380 
96372 

95363 
95354 
95345 
95337 
95328 
96319 
95310 
95301 
95203 
95284 
96275 
95266 
96267 
96248 
96240 

9S231 
95222 
95213 
95204 
95195 
95186 

96168 
96159 
95i5o 
96142 
96133 
96134 
96116 
96106 

StM. 


18« 


Bine. 


30909 
30929 
30967 
3098D 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 

3 
3 
3 
3 
3 
3 

32006 
32034 
32061 
32089 

32110 

32144 

32171 
32199 
32227 
32254 
32282 
323o9 
32337 
32364 
32392 
32419 
32447 
32474 
32602 
33699 
39667 

Catlae. 


012 
040 
068 
096 

133 

i5i 

206 
233 
261 

3i? 

344 
372 
399 
427 
454 
482 
5io 
637 
565 
593 
620 
648 
675 
703 
73o 

758 
786 
6i3 
841 
868 
896 
923 
961 


Coune. 


95106 

95088 
95079 
95070 
95061 
95o52 
95043 
95o33 

96024 
9501 5 
95006 

9^997 
94988 

94979 
94970 

94961 
94952 
94943 
94933 
94924 
94916 

94 

94 

948 

94878 

94869 

94860 

9485 1 

94842 

94832 

94823 

94814 
94805 
94795 
94786 

94777 
94768 

94768 

94749 
94740 
94730 
94721 
94712 
94702 
94693 

94684 
^4674 
94665 
94656 
94646 
94637 
94627 
9461  d 
94609 
94599 


1 
94662 

BiM. 


7t<>    [    IV 


19<> 


Sine. 


Cosine. 


32557 

32584 
32613 
3s639 
32667 
32694 
32722 
32749 
32777 
32804 
32832 
32859 
32887 

32914 
32942 
32969 

32997 
33o24 
33o5i 

33io6 

33 1 34 
33i6i 
33189 
33216 

33244 
33271 
33298 
33326 
33353 
33381 

33408 
33436 
33463 
33490 
335i8 
33545 
33573 
336oo 
33627 
33656 
33682 
33710 
33737 
33764 
33792 

33819 
33846 
33874 
33901 
33939 
33956 
33983 
34011 
34038 
34065 
34093 
34130 
34147 
34176 

34302 


Coilae. 


94652 
94542 
94533 
94523 
94514 
945o4 
94495 
94485 
94476 
94466 
94457 
94447 
9443d 
94428 
94418 
94409 

94399 
94300 

94380 

94370 

94361 

94351 

94342 

94332 

94322 

943i3 

943o3 

94293 

94284 

94274 

94264 

94254 
94245 
94235 
94225 
942 1 5 
94206 
94196 
94186 
94176 
94107 
94167 

94147 
94137 

94127 

94118 

94108 
94098 
94088 
94078 
94068 
94068 
94049 
94039 
94029 
94019 
94009 


^ 


60 

u 

55 
54 
53 

52 

5i 
5o 

ii 

45 

44 
43 
42 
41 
40 

u 

35 
34 
33 
32 
3i 
3o 

29 

28 

27 
26 

25 
24 
23 
22 
21 
20 

\t 

\l 

16 

14 
i3 
12 
II 
10 

I 

I 

5 

4 
3 
9 

I 
O 


Biae. 


n^'> 
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Tabli  UL 


o 
I 

7 

3 
4 
5 
6 

I 

9 

10 

II 

13 

i3 

U 
i5 

i6 

\l 

«9 

30 
31 
33 
33 

34 
35 
36 

II 

3o 
3i 

33 

33 

34 
35 
36 

u 

39 
4o 
41 
43 
43 
44 
45 

46 

ii 

5i 

52 

53 

54 
55 
56 
5 

!' 

6o 


II 


20^ 

Siae.  jCoNioe. 


34203 

34229 
34257 
34384 
343 II 
34339 

34366 
34393 
34431 
34448 
34475 
345o3 
3453o 
34557 
34584 
34612 

3463 
3466 
34694 

34721 

34748 

34775 
34S03 
34830 
34857 
348^4 
34912 
34939 
34966 
34993 
35o3i 

35048 
35075 
35io3 
35i3o 
35 1 57 
35 1 84 
353II 
35339 
35366 
35293 
35330 

35347 
35375 
35403 
35429 

35456 

35484 
355II 
35538 
35565 
35593 
35619 
35647 
35674 
35701 
35728 
31>755 
35783 
358io 
35837 


93969 
93939 

93949 
98939 

93929 

93919 

9> 
93| 

93. 

93879 

93869 

93859 

93849 

93839 

93829 

93819 

93809 
93709 
93789 

93779 
93769 

93759 

93748 

93738 

93728 

93718 

93708 

93698 

93688 

93677 

93667 

93657 

93647 
93637 
93626 
93616 
93606 

9^596 
93383 
93575 
93565 
93555 
93544 
93534 
93524 
935x4 

935o3 
93493 
93483 
93472 
93462 
93452 
93441 
93431 
93430 
93410 
93400 
93389 

93379 
9336b 

93358 


2V 


Sine. 


Cosine. 


8ine. 


35837 
35864 
35891 
35918 
35945 
35973 
36ooo 
36037 
36o54 
36o8i 
36io8 
36(35 
36162 
36190 
36217 
36244 

36271 
36298 
36325 
36353 
36379 
36406 

36434 
36461 
36488 
365 1 5 
36542 
36560 
36596 
36623 
3665o 

36677 
36704 
36731 
36758 
36785 
368x2 
36839 
36867 
36894 
36921 
36948 
36975 
37002 
37029 
37056 

37083 
37110 
37137 
37164 
37191 
37218 
37245 
37272 

?^?^ 
3732«) 

37353 

37380 

37407 

:  37434 
37461 


Co*ilie. 


Cwine. 


93358 
93348 
93337 
93327 
93316 
93306 
93295 
93285 
93374 
93304 
93353 
93343 
93333 
93333 
933 1 1 
93201 

9310c 

93180 

93169 

93i5< 

9314 

93137 

93127 

93116 
93106 
93095 
93084 
93074 
93o63 
93o53 
93c43 

93o3i 
93020 
93010 
92990 
92988 
92978 
92967 
92956 
92945 
92935 

92924 
92913 
92002 
92092 
92881 

92870 
92859 

9284 

9283 

93827 

92816 

92805 

92794 
92784 
92773 
92762 
93751 
92740 
93729 
92718 


SifM. 


60« 


68® 


22« 


Bine. 


37461 
37488 
3751 5 
37543 
37560 
37595 
37623 
37649 
37676 
37703 
37730 
37757 
37784 
37811 
37838 
37865 

37893 
37910 
07946 
37973 

m 

38o53 
38o8o 
38107 

38i34 
38i6i 
38 1 88 
38315 
38241 
38268 

38295 
38322 

38349 
33376 
384o3 
3843o 
38456 
38483 
38510 
38537 
38564 
38591 
386x7 

38644 
38671 

38698 
38725 
38753 
38778 
38do5 
38832 
3885o 
38886 
38913 
38939 
38966 
38993 
39030 
39046 
39073 


Coeine. 


92360 
92355 
92343 
93333 
93321 
933X0 
93399 


28° 


Sine.    Cosine. 


Godne. 


Sine. 


6T< 


\mm 


39073 
39100 
39137 
39153 
39x80 
39207 

39334 
39260 
39287 
39314 
39341 
393^7 
39394 
39421 
39448 
39474 

39501 
39528 
39555 
39581 
39608 
39635 
39661 
39688 
39715 

39741 
39768 
39795 
39823 
39848 
39875 

39902 
39928 
39955 
39982 
40008 

4oo35 
40062 
40088 
4oxx5 

40141 
40x68 
40x95 
40221 
40348 
40375 

4o3oi 
4o338 
4o355 
4o38i 
40408 

40434 
40461 
40488 
4o5i4 
4o54i 
40567 
40594 
40631 
40647 
40674 


24° 


Coihie.  Sine. 


66< 


Sine. 


40674 
40700 
40737 
40753 
40780 
40806 
40833 
40860 
40886 
40913 
40930 
40966 
40993 
41019 
41045 
41073 

41098 
4iia5 
4ii5x 
41178 
41204 
4i23i 
41257 
41284 
4i3io 
4i337 
41363 
41390 
41416 
41443 
41469 

41496 

4l522 

41549 
41575 
41602 

41638 

4x655 
41681 

41707 
41734 
41760 

4i8x3 
41840 
41866 

4189a 

41919 
41945 
41972 
41998 
42034 
42o5i 
42077 
42104 
42i3o 
42X56 
42x83 
42200 

42235 

4236a 


Codne. 


91355 
9x343 
9i33i 
9x3x9 
91307 
9x295 
91383 
9x272 
91260 
91248 
9X336 

91324 
91312 
91200 
91188 
9x176 

91164 
9ii5a 
91140 
91138 
91116 

91104 
9100a 
91000 
91068 
9Xo56 

91044 
91033 
91090 
91008 
90996 

90934 
90973 
90960 
90948 
90936 
90924 


90802  I 

90790 

90778 
90766 

90753 
90741 
90729 
90717 
90704 
9060a 
90600 
90668 
90655 
90643 
9063 1 


Coeine.  Sine. 


65« 


60 

U 

55 
54 
53 
53 
5i 
5o 

ii 

45 

44 
43 
4a 
41 
40 

3? 

36 
35 

34 
33 
3a 
3i 
3o 

J? 

27 
36 

a5 
24 

33 
32 

ax 
ao 

i5 

14 
i3 

13 
U 
10. 

t 

I 

S 

4 
3 

a 
I 
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69 


26  < 


0 

1 

3 

3 

4 
5 
6 

I 

9 

10 

II 

12 

i3 
14 

i5 

i6 

\l 

20 
21 
22 
23 

24 
25 
26 
2 


I 


12 

3i 

32 

33 

34 
35 
36 

ll 
39 
40 
41 
42 
43 
44 
45 

46 

ii 

5i 

52 

53 

54 
55 
56 


Sine. 

42262 
42288 
423 1 5 
42341 
42367 
42394 
42420 
42446 
42473 

42499 
42525 

42552 
42578 
42604 
4263 1 
42657 

42683 
42709 
42736 
42762 
42788 
42^15 

42841 
42867 
42894 
42920 
42946 
42972 
42999 
43o25 
43o5i 

43077 
43 1 04 
43i3o 
43 1 56 
43182 
43209 
43235 
43261 
43287 
433 1 3 
43340 
43366 
43392 
43418 
43445 

43471 

43497 
43523 

43549 
43575 
43602 
43628 
43654 
43680 
43706 
43733 
43759 
43785 
43dil 
43837 


Coiiae. 


Siue. 


Cosine. 


43837 
43863 
4388o 
43916 
43942 
43968 

43994 
44020 
44046 
44072 
44098 

44124 
44i5i 

44177 
442o3 

44229 

44255 

44281 

44307 

4433J 

443  5o 

44385 

44411 

44437 

44464 

44490 
445 1 6 

44542 

44568 

44594 
44630 

44646 
44672 
44698 

44724 
44750 

44776 
44802 
44828 
44854 
44880 
44906 
44932 
44958 
44984 
45oio 

45o36 
45o^>2 
45o88 

45ii4 
45 1 40 
45i66 
45193 
45218 
45243 
45260 
45296 
45321 
45347 
4537J 
45399 


Conne. 


Sine. 


Cosine. 


Sine. 


540 


68' 


27 


Sine.    Cosine 


45390 
45435 
45451 

45477 
455o3 
45529 
45554 
4558o 
45606 
45633 
45658 
45684 
45710 
45736 
45763 
45787 

458i3 
45839 
45865 
45891 

45917 
45943 
45968 

45994 

46030 

46046 

46073 

46097 

46133 

461 

46 

46301 
46226 
46252 
46278 
463o4 
46330 
46355 
4638i 
46407 
46433 
46458 
46484 
465 10 
46536 
46561 

46587 
4661 3 
46639 
46664 
46690 
46716 

46743 
46767 
46793 
46819 

46844 
46870 
46896 
46921 
46947 


:^ 


Cosine. 


88^ 
88955 
88942 
88938 
88915 
88903 

88888 
88875 
88863 
88848 
88835 
88832 
88808 
88795 
88783 
88768 
88755 

88741 
88738 
88715 
88701 

88688 
88674 
88661 
88647 
88634 
88630 
88607 
88593 
8858o 
88566 
88553 
88539 
88536 
885i3 
88499 

88486 
88473 
88458 
88445 
88431 
88417 
88404 
88390 
88377 
88363 

88349 
88o36 
88333 
883o8 
88295 


Sine. 


ego 


28^ 


Sine. 


46947 
46973 
46999 

47024 
47o5o 

47076 
47101 
47127 
47i5j 
47178 
47204 
47239 
47355 
47281 
47306 
47333 

47358 
47383 
47409 

47434 
47460 
47486 
4751 1 
47537 
47563 
47588 
47614 
47639 
47665 
47690 
477  «6 

47741 
47767 

47818 

47844 
47869 
47895 
47920 
47946 
47971 

47997 
48033 

48048 

48073 

48099 

48124 
481 5o 
48175 
48301 
48226 
48252 
48277 
483o3 
48328 
48354 
48370 
484o5 
48430 
48456 
48481 


Cosine. 


88395 
88381 
88367 
88254 
88240 
88226 
88213 
88199 
88id5 
88172 
88168 

88144 
88i3o 
881 17 
88io3 
88089 


090 


Cosine.  Sine. 


61< 


Sine. 


Cosine. 


48481 
485o6 
48533 
48557 
48583 
48608 
48634 
48659 

48684 
48710 
48735 
48761 
48786 
48811 
48837 
48863 

48888 
48913 
48938 
48964 
48989 

49014 
49040 
49065 
49090 
49116 
49141 
49166 

49192 
49217 
49242 

49368 
49393 
49318 

49344 
49369 

49394 

4941 

4944 

49470 

49495 

49531 

49546 

49571 

49596 

49633 

49647 
49672 
49697 
49723 
49748 
49773 
49798 
49834 
49849 
49874 

49899 
49924 
49950 

49975 

DOOOO 


Cosine. 


87463 
87448 
87434 
87430 
87406 
8739X 

87349 
87335 
87321 
87306 
87293 
87378 
87364 
87350 

87235 
87331 
87307 
87193 
87178 
87164 
87150 
87136 
87121 
87107 
87093 
870J9 
87064 
87050 
87036 

87021 

to 

86978 
86964 
86949 
86935 
86921 
86906 
86893 
86878 

86863 
86849 
86834 
86820 

868o5 
86791 

^]U 
86748 
86733 

86719 
86704 
86690 
86675 
86661 
86646 
8663a 
86617 
866o3 


Bine. 


eo® 


60 

u 

55 

54 
53 

53 

5i 
5o 

tt 

ii 

45 
44 

43 
49 
41 
40 


U 

35 

34 
33 
33 
3i 
3o 


U 

35 

4 
3 
2 


5 

4 
3 
3 
I 
o 

I 
I 

5 

4 
3 

9 
I 

O 
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Table  III. 


80< 


sr 


0 

I 

9 

3 
4 
5 
6 

I 

9 

10 

II 

19 

i3 
14 

i5 

i6 

\l 

'9 

20 
21 
22 
23 

24 

25 

26 

2 

2 


I 


3i 

33 

33 

34 
35 
36 

u 

39 
I  40 

41 
42 
43 
44 
45 

46 

il 

5i 

52 

53 

54 
55 
^^6 

5^ 


Sine. 

5oooo 
5oo25 
5oo5o 
50076 
5oioi 
50126 
5oi5i 
50176 

5020I 

50227 
5o252 
50277 
5o3o2 
5o327 
5o352 
5o377 

5o4o3 
50428 
5o453 
50478 
5o5o3 
5o528 
5o553 
50578 
5o6o3 
50628 
5o654 
50679 
50704 
50729 
50754 

50^79 
5o6o4 
50829 

5o854 
50879 
50904 
50929 
50954 
50979 
5 1 004 
51029 
5io54 
51079 
5iio4 
51129 

5ii54 
51179 

5 1 204 
51229 
5i254 
5i279 
5i3o4 
5i329 
5r354 
5i379 
5 1 404 
51429 
5 1 454 

51479 
5i5o4 


Cosine. 

866o3 
86588 
86573 
86559 

86544 
86530 
865i5 
865oi 
86486 
86471 
86457 
8^442 
86427 
864i3 
86398 
86384 

86369 
86354 
86340 
86325 
86310 
86295 
862S1 
86266 
8625i 
86237 
86222 
86207 
86192 
86178 
86163 

86148 
86i33 
86119 
86104 
86089 
86074 
86059 
86045 
86o3o 
86oi5 
86000 
85985 
85970 
83956 
85941 

85926 
85911 
85896 
8588i 
85866 
8585i 
85836 
85821 
858o6 
85792 

85762 

85747 
85732 

85717 


Sine. 


Coilne. 


Sine. 


5i5o4 
5 1 539 
5 1 554 
5i579 

5i6o4 
51628 
5i653 
51678 
5 1703 
51728 
51753 
51778 
5i8o3 
51828 
5i852 
51877 

51902 
51927 
51952 
51977 

52002 
52026 

52o5i 
52076 

52IOI 

52126 
52i5i 
52175 

52200 
52225 

5225o 

52275 
52299 
52324 
52349 

52374 

52390 

5242J 

52448 
52473 
52498 

52522 

52547 
52572 
52597 
52621 

52646 
52671 
52696 
52720 

52745 
52770 
52794 

52819 

52844 
52869 
52893 
52918 
52943 

52967 
52992 

Cosine. 


Cosine. 


85717 
85702 
85687 
85672 
85657 
85642 
85627 
85612 
85597 
85582 
85567 
85551 
85536 
85521 
855o6 
85491 

35476 
85461 
85446 
8543 1 
8541 6 
8540! 
85385 
85370 
853d5 
85340 
85325 
853 10 
85294 
85279 
85264 

85249 
85234 
85218 
852o3 
85i88 
85173 
85 1 57 
85i42 
85i27 
85ii2 
85096 
85o8i 
85o66 
85o5i 
85o35 

85o2o 
85oo5 
84989 
84974 
84939 
84945 
84928 
849 1 3 
84897 
84882 
84866 
8485 1 
84836 
84820 
84805 

Sine. 


590 


58* 


82® 


Sine. 


52992 
53017 
53o4l 
53o66 
53091 
53ii5 
53 1 40 
53 164 
53189 

53214 
53238 
53263 
53288 
53312 
53337 
53361 

53386 
5341 1 
53435 
53460 

53484 
53509 

53534 
53558 
53583 
53607 
53632 
53656 
53681 
53705 
53730 

53754 

538o4 
53828 
53853 
53877 
53902 
53926 
53951 
53975 
54000 
54024 
54o4q 
5407J 
54097 

54122 
54146 
54171 
54195 
54220 
54244 


54317 
54342 
54366 
54391 
5441 5 
54440 
54464 

Cosine. 


Cosine. 


84805 

84789 
84774 
84759 
8474J 
84728 
84712 

84697 
84681 
84666 
84650 
84635 
84619 
84604 
84588 
84573 

84557 
84542 
84526 
8451 1 
84495 
84400 
84464 
84448 
84433 

84417 
84402 
84386 
84370 
84355 
84339 

84324 
84308 
84292 
84277 
84261 
84245 
84230 
84214 
84198 
84182 
84167 
84i5i 
84135 
84120 
84104 

84088 

84072 

84057 

84041 

84025 

84009 

83994 

83978 

83962 

83946 

83930 

83oi5 

831 

83! 

83867 

Sine. 


57' 


88< 


Sine. 


54464 
54488 
545 1 3 
54537 
54561 
54586 
54610 
54635 
5465o 
54683 
54708 
54732 
54756 
54781 
548o5 
54829 

54854 
54878 
54903 
54927 
5401 
54975 
54999 
55o24 
55048 
55072 
55097 
55i2i 
55 1 45 
55169 
55194 

552x8 
55242 
55266 
55291 
553T5 
55339 
55363 
55388 
55412 
55436 
55460 
55484 
55509 
55533 
55557 

5558i 
556o5 
55630 
55654 
55678 
55702 
55726 
55750 
55775 

55847 
55871 
55895 
55919 


Cosine. 


Cosine. 


83867 
8385i 
83835 
838i9 
838o4 
83788 
83773 
837^ 
83740 
83734 
83708 
83692 
83676 
836^ 
83645 
83629 

836i3 

83597 

8358i 

83565 

8354 

8353 

835 17 

835oi 

83485 

83469 

83453 

83437 

83421 

834o5 

83389 

83373 
83356 
83340 
83324 
833o8 
83292 
83276 
83260 
83244 
83228 

83212 

83195 
83179 
83 1 63 
83i47 

83i3i 
83ii5 
83098 
83o82 
83o66 
83o5o 
83o34 
83017 
83ooi 
82985 
83969 
82953 
82936 
82920 
82904 


Sine. 


5«« 


84° 


Sine. 


55910 
55943 
55968 
55993 
56oi6 
56o4o 
56o64 
56o88 
56ii3 
56i36 
56i6o 
56i84 
56208 
56233 
56256 
56280 

563o5 
56339 
56353 
56377 
56401 
56435 
56440 
56473 
56497 
56521 
56545 
56569 
56593 
56617 
56641 

56665 
56689 
56713 
56736 
56760 
56784 
568o8 
56832 
56856 
56880 
56904 
56928 
56952 
56976 
57000 

5^024 
57047 
57071 
57095 
571 10 
57143 
57167 
57191 
57215 
57238 
57262 
57286 
57310 

57334 
57358 


Cosine. 


Corine. 


82904 

83887 
83871 
83855 
82839 
82833 
83806 
83790 

82741 
82734 
82708 

83093 

82675 
82659 

82643 
82636 

83610 

83593 

83577 
82561 

82544 
82538 

825ii 
82495 
82478 
82462 
82446 
82429 
824i3 

82396 
82380 
82363 
83347 
82330 
82314 
82297 
82281 
82264 
82248 

8223l 

82214 
82198 
82181 
82x65 

82148 

82X32 

82ii5 
82098 
830S3 
82065 
82048 
82032 
82015 
81909 
81982 
81965 
81949 
81932 
81915 


Sine. 


55<* 


60 
5 

ll 

55 

54 
53 

52 

5i 
5o 

il 

45 

44 
43 
43 
41 
40 

37 
36 

35 

34 
33 

33 

3i 
3o 

3 

U 

35 

24 
23 
22 
21 
20 

i5 

14 
i3 
12 
II 
10 


I 

5 
4 
3 

3 
I 
0 


Table  IIL 


NATURAL  SINES  AND  COSINES. 


71 


85' 


Sine. 


I 


O 
1 

2 

3 

4 
5 
6 

I 

9 

10 

II 

13 

i3 
14 

i5 

i6 

\l 

»9 

20 
21 
22 
23 

24 

25 

26 

2 

2 

3o 
3i 

32 

33 

34 
35 
36 

^ 
39 
40 
41 
4a 
43 

^ 

46 

5i 
5a 
53 
54 
55 
56 

I 

6o 


57358 
57381 
57405 
57420 
57453 

57501 

57524 
57548 
57572 
57596 
57619 
5764J 
57667 
57691 
57715 

57738 
5776a 
57786 
57810 
57833 
57857 
57881 
57904 
57928 
5795a 
57976 

1^ 

58047 
58070 

58094 
58ii8 

58i4i 
58i65 
58189 
58212 
58a36 
58a6o 
58283 
58307 
58330 
58354 
53378 
58401 
58425 

58449 
5847a 
58496 
585i9 
58543 
58567 
585oo 

586i4 
58637 
58661 
58684 
58708 
58731 
68755 
58779 


Coaine. 


Cosine 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
d 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 

80987 

80J3 
80936 
80919 
80902 

Sine. 


U^" 


86*' 


Sine. 


58826 
58849 
58873 
58896 
58920 
58943 
58967 
58990 

59014 
59037 
59061 

59084 
59108 
59131 

59154 
59178 
59201 
59225 
59248 
59272 
59295 
59318 
59342 
59365 
59389 
59412 
59436 
59459 
59482 

59506 
59529 
59552 
59576 
59599 
59622 
59646 


59716 
59739 

59763 
59786 

^^ 
59832 

59856 
59879 
59902 
59926 

59949 
59972 
59995 
60019 
60042 
6oo65 
60089 
60112 
6oi35 
601 58 
60182 

Cosine. 


Codne. 


80902 
8o885 
80867 
8o85o 
8o833 
80816 

^'& 

80765 
80748 
80730 
80713 
80696 
80679 
80662 
80644 

80627 
80610 
80593 
80576 
8o558 
8o54i 
8o524 
8o5o7 
80489 
80472 
80435 
8o438 
80420 
8o4o3 
8o386 

8o368 
8o35i 
8o334 
8o3i6 
80299 
80282 
80264 
80247 
8o23o 
80212 
80195 
8on8 
80100 
80143 
80125 

80108 

80091 

80073 

8oo56 

8oo38 

80021 

8ooo3 

9986 

9968 

9951 

9934 

9016 

9864 

Sine. 


53' 


ZV 


Sine.  Cosine. 


60182 
6o2o5 
60228 
6o25i 
60274 
60298 
6o32i 
6o344 
6o367 
60390 
6o4i4 
60437 
60460 
60483 
6o5o6 
60529 

6o553 
60576 
60699 
60622 
60645 
60668 
60691 

60714 
60738 
60761 
60784 
60807 
6o83o 
6o853 
60876 

60899 
60922 
60945 
60968 
60991 
6ioi5 
6io38 
61061 
61084 
61107 
6ii3o 
6ii53 
61176 
61199 
61222 

61245 
61268 
61291 

6i3i4 
61337 
6i36o 
6i383 
61406 
61429 
6i45i 
61474 

61497 
61620 

61643 

61666 


88< 


Sine. 


Cosine. 


Sine. 


62«^ 


61666 
61689 
61612 
6i635 
61668 
61681 
61704 
61726 

61749 
61772 
61796 
61818 
61841 
61864 
61887 
61909 

61932 
61965 
61978 
62001 
62024 
62046 
62069 
62092 
62116 
62138 
62160 
62183 
62206 
62229 
62261 

62274 
62297 
62320 
62342 
62365 
62388 
6241 1 
62433 
62466 

62479 
62602 
62624 
62647 
62670 
62692 

69616 
62638 
6a66o 
62683 
62706 
62728 
62761 

62774 
62796 
62819 
62842 
62864 
62887 
62909 
62932 


Cosine. 


Cosine. 


8801 
8783 
8766 

8747 
8729 
8711 

8694 
8676 
8658 
8640 
8622 
8604 
8686 
8668 
856o 
8632 

8614 
8496 
8478 
8400 
8442 

8424 
8406 
8387 
8369 
835i 
8333 
83i5 
8297 

8261 

8243 
8226 
8206 
8188 
8170 
8162 
8i34 
8116 
8098 

is? 

8043 
8026 
8007 
7986 

7970 
7962 

7934 

77016 

77897 

7843 
7824 
7806 
7788 

7769 
7761 
7733 
7716 


Sine. 


51° 


89° 


Sine.    Cosine. 


62932 
62966 
62977 
63ooo 
63o22 
63045 
63o68 
63090 
63ii3 
63i35 
63i58 
63 180 
63203 
63225 
63248 
63271 

63293 
633 16 
63338 
63361 
63383 
63406 
63428 
6345i 
63473 
63496 
636i8 
63540 
63663 
63585 
636o8 

63630 
63663 
63675 
63698 
63720 
63742 
63766 
63787 
63810 
63832 
63854 
63877 
63899 
63922 
63944 

63966 
63989 
6401 1 
64033 
64066 
64078 
64100 
64123 
64146 
64167 
64190 
64212 
64234 
64266 
64279 


7696 
7678 
7660 

7641 
7623 
7606 
7686 
7668 
7660 
7531 
7613 
7494 

7458 
7439 

7421 

7402 

7384 
7366 

347 
329 
3io 

7292 

7355 

7336 
7318 

?;§? 

716a 

7144 
7126 

7086 
7070 
7061 
7033 
7014 
0996 

6969 
6940 
6921 


6866 
6847 
6828 
6810 
6791 
6772 
6754 
6735 


?^? 


6642 
76623 
76604 


60 

n 

57 

66 
65 

54 

53 

62 

5i 

t>o 

4 

4 

ii 

45 

44 
43 
42 
41 
40 

3 

37 
36 

35 

34 
33 

32 

3i 
3o 

It 

2 

2 

26 

24 

23 

22 

21 

20 

\t 

\l 

i5 

14 
i3 
12 
11 
10 


I 


I 

5 
4 
3 
2 

I 

o 


Codne.  Sine. 


5^ 


It                          NATURAL  SINES  AND  COSINES.      Tavle  UL  1 

B  ■    5 

f 

0 

40<* 

410 

42° 

450 

44° 

60 

SiM. 

Coaae, 

Sine. 

CoriM. 

Sine. 

Coiine. 
74314 

Sine.  Cosine. 

Sine. 

Codne. 

64279 

76604 

656o6 

754D2 

66913 

68200 

73i35 

69466 

719^4 

1 

64301 

76586 

65628 

66935 

74295 

68221 

73116 

69487 
6960^ 

71014 
71894 

5? 

1 

64323 

765S 

65650 

75433 

66966 

74276 
74266 

68242 

73096 

3 

64346 

65672 

75414 

66978 

68264 

73o-t6 

69629 

71873 

U 

4 

64368 

76530 

65694 

75395 

66999 

74237 

68286 

73066 

69549 

71853 

5 

64390 

76511 

66716 

75375 
75356 

67021 

74217 
74198 

683o6 

73o36 

69670 

71833 

55 

6 

6441a 

76492 

65738 

67043 

68327 

73016 

69691 

71813 

54 

I 

64435 

76473 
76455 

66759 

75337 
75318 

67064 

74178 
74159 

68349 

72996 

69612 

7179a 

53 

64457 

65781 
658o3 

67086 

68370 

72976 
72967 

69633 

71772 

6a 

9 

64479 

76436 

75209 
75280 

67107 

74139 

68391 

69654 

71762 

5i 

10 

64501 

76417 
76398 
7638o 

65825 

67129 

74120 

6841a 

72937 

69675 

7173a 

5o 

II 

12 

64524 
64546 

65847 
65869 

76261 
76241 

67161 

67172 

74100 
74080 

68434 
68455 

72917 
72897 

69696 
69717 

71711 

71691 

^ 

i3 

64568 

76361 

66891 

76222 

67194 

74061 

68476 

72867 

69768 

71630 

U 

14 

64590 

76342 

66913 

75203 

67215 

74041 

68497 
685i8 

i5 

64612 

76323 

65935 

75184 

67237 

74022 

72837 

69779 

7i63o 

45 

i6 

64635 

76304 

65956 

75i65 

67258 

74002 

68539 

72817 

69800 

71610 

44 

\l 

64657 

76286 

65978 

75146 

67280 

73983 

68561 

72797 

69821 

]X 

43 

64679 

76267 
76248 

66000 

75126 

67301 

73963 

68582 

72777 
72767 

6984a 

4a 

'9 

64701 

66022 

f^ 

67323 

73944 

686o3 

69862 

71549 

41 

20 

64723 

76229 

66044 

67344 

73934- 

68624 

72737 

69883 

vq 

40 

21 

64746 

76210 

66066 

76069 

67366 

73904 
73885 

68645 

72717 

69904 

^ 

22 

64768 

76192 

66088 

75o5o 

67387 

68666 

72697 

69925 

71488 

23 

64790 
64812 

76173 
76164 

66109 

75o3o 

67409 

73865 

68688 

72677 
72657 

69946 

71468 

u 

24 

66i3i 

76011 

67430 

73846 

68709 

69966 

71447 

25 

64834 

76135 

661 53 

7499a 

67462 

73826 

68730 

72637 

69987 
70008 

71427 

35 

26 

64856 

76116 

66175 

74973 
74953 

67473 

73806 

68761 

72617 

?;^ 

34 

11 

64878 

76092 
76078 
76059 

66197 

67495 

73787 

^772 

72597 

70029 

33 

64901 

66218 

74934 

67616 

73767 

68793 

72557 

70049 

71366 

3a 

29 

64923 

66240 

74915 
74896 

67538 

73726 

68di4 

70070 

71345 

3i 

3o 

64945 

76041 

66262 

67559 

68835 

72537 

70091 

7i3a6 

3o 

3i 

64967 

76022 

66284 

74876 
74867 
74838 

67680 

73688 

68857 
68878 

72617 

70112 

7i3o5 

^ 

32 

64989 

76003 

663o6 

67602 

72497 

7oi32 

71284 

33 

65oii 

75984 

66327 

67623 

73669 

68899 

72477 
72467 

70163 

71264 

V, 

34 

65o33 

75965 

66349 

74818 

67645 

73649 

68920 

70174 

7ia43 

35 

65o55 

75946 

66371 

74799 
74780 

67666 

73629 

68941 

72437 

70195 

7iaa3 

a5 

36 

65o77 

75927 
75908 
75889 

66393 

67688 

73610 

68962 

724:7 

70215 

7iao3 

a4 

ll 

65ioc 

66414 

74760 

67709 

73590 

68983 

72397 

70236 

7118a 

a3 

65l22 

66436 

74741 

67730 

73570 

69004 

72377 
72367 

70267 

71 162 

aa 

39 

65i44 

75870 

66458 

747aa 

67752 

73551 

69026 

70277 
70298 

71141 

21 

40 

65i66 

75851 

66480 

74^3 

67773 

73531 

69046 

72337 

71121 

ao 

41 

65i88 

75832 

665oi 

67796 

73511 

69088 

72317 

7o3i9 

71100 

]t 

42 

65210 

758i3 

66523 

74664 

67816 

73491 

72297 

70339 

71080 

43 

65232 

75794 

66545 

74644 

67837 

?3l?^ 

69109 

72277 
72267 

72236 

7o36o 

71069 

\l 

44 

65254 

75766 

66566 

746a5 

67869 

69130 

7o38i 

71039 

45 

65276 

66588 

74606 

67880 

73432 

69161 

70401 

7/019 

i5 

46 

65298 

75738 

66610 

74686 

67901 

73413 

69172 

72216 

704M 

70998 

14 

% 

65320 

75719 

66632 

74567 
74548 

67923 

73393 

69193 

72196 

70443 

70978 
70967 

i3 

65342 

75700 

66653 

67944 

73373 

69214 

72176 
72166 

70463 

12 

49 

65364 

76080 

66675 

74528 

67965 

733D3 

69235 

70484 

70937 
70Q16 
70896 

11 

5o 

65386 

75661 

66697 
66718 

74509 

6600$ 

73333 

69266 

72136 

7o5o5 

10 

5l 

65408 

75642 

74489 

73314 

69277 
69298 

721 16 

70626 

? 

52 

65430 

75623 

66740 

74470 

68029 

73294 

72095 

70546 

i;^i 

53 

65452 

75604 

66762 

7445i 

68o5i 

73^54 

69319 

72076 
72065 

70667 

2 

54 

65474 

75585 

66783 
668o5 

74431 

68072 

69340 

70587 
70608 

70834 

55 

65496 

75566 

74412 

68093 

73234 

69361 

72035 

70813 

5 

56 

655i8 

75547 
75528 

66827 
66848 

74392 

681  i  5 

73216 

69382 

72016 

70628 

70793 

4 

ll 

65540 

74373 
74353 

681 36 

73196 

69403 

71995 

70649 

70772 
70762 

3 

65562 

75509 

66870 

63i57 

73175 
73i55 

69424 

71974 
71954 

70670 

2 

59 

65584 

75490 

66891 

74334 

68179 

69445 

70690 

70731 

t 

60 

656o6 

75471 

66913 

743i4 
S!ne. 

68200 

73i35 

69466 

71934 

70711 

707 1 1 

0 

\^(MillO. 

BfM. 

Conno. 

Codne. 

Bind. 

Codne. 

Sine. 

Coiine. 

sine. 

49«^ 

48<> 

470 

46« 

45« 

Table  IIL 


NATURAL  TANGENTS  AND  COTANGENTS. 


T8 


0° 


o 
1 

a 
3 
4 
5 
6 

I 

9 

10 

II 
la 
i3 
14 
i5 

i6 

n 

i8 

ao 
ai 
aa 
a3 

a4 

a5 

a6 

a 

a 

?2 


2 


3i 
3a 
33 

34 
35 
36 

II 
39 
40 
41 
4a 
43 
44 
45 


Tangent. 


00000 

oooao 
ooo5o 
oooSt 

OOIIO 

00145 
00175 
ooao4 
ooa33 
0026a 
00391 

00330 

00349 
00378 
00407 
00436 

00465 
00495 
oo5a4 
oo553 
oo58a 
00611 
00640 


00737 
00756 
oop5 
00814 
00844 
00873 

0090a 
00931 
00960 
00980 

OIOIO 

01047 
01070 
oiio5 
oii35 
oil  64 
01193 
oiaaa 

OI35l 

01380 
oi3o9 


46  01 338 

47  01 367 

48  01390 

49  01435 

50  01455 
5i  01484 
5a  oi5i3 

53  01 54a 

54  01571 

55  01600 

56  01639 

57  01658 
5d  01687 

59  I  01710 

60  ,  01746 


Cotang. 


Cotang.     Tangent.    Cotang. 


Infinite. 

3437-75 

1718.87 

II45-02 

859 


687 
57a 
491 
429 
38i 
343 
3ia 
386 
364 
345 
aa9 

314 
303 

56 

33 
18 
14 

10 

07 

04 
01 

95 
92 


4J6 
549 

106 
718 

971 

531 

478 
441 

553 

183 

858 
319 
984 


^ 


700 

a" 

46 

5o7 

319 
331 

74 

40 

589 


I 


85 
83 
81 

?8 

76 

73 
71 

u 

64 
63 
63 
61 
60 


57 


893 
436 
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46277 
46312 
46348 
46383 
46418 

46454 
46480 
46525 
46560 
46595 
46631 
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24428 

24252 

■24077 

•23902 

-23727 

23553 
23378 

•23204 
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22857 

22683 

> 225X0 

-22337 

22164 
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21819 
21647 

■2147D 
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20961 
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20019 

20440 
30278 
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.9938 
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46631 
46666 
46702 

46737 
46772 
46808 
46843 
46879 

46914 
46950 
46985 
47021 
47o56 

4709^ 
47128 

47163 

47199 
47234 

47270 
473o5 

47341 

47377 
47412 
47448 
47483 
47519 
47555 
47590 
47626 
47662 
47698 

47733 
47760 
47605 
47840 
47876 
47912 
47948 
47984 
48019 
48o55 
48091 
48127 
48i63 
48198 
48234 

48270 
483o6 
48342 
48378 
48414 
48450 
48486 
4852 1 
48557 
48693 
48629 
48665 
48701 
48737 
48773 
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13963 
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1 3639 
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i3i54 
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1261 1 
i235o 
12100 
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11711 

1I052 

11233 
11075 
I09I6 
10758 
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10442 
10284 
10126 

09069 

09811 

09654 

09498 

09341 
09184 

09028 

08872 
08716 

o856o 
08405 
o825o 
08094 
07930 
07785 
07630 
07476 
07321 

07167 

07014 
06860 
06706 
06553 
06400 
06247 
06094 
06942 
06790 
05637 
o5485 
05333 
o5i82 
o5o3o 
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49804 
49931 

49967 
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5oo4o 
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5oi49 
5oi85 

5o222 
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5o44i 
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01743 
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ooi3i 
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61026 
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r3i44 
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^3234 
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?3547 
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[3637 
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[3861 
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[395i 
[3996 
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[4o86 
[4i3i 
[4176 
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74357 
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[4538 
[4583 
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37302 
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36961 
36883 
368oo 
36716 
36633 

36549 
36466 
36383 

363oo 
36217 
36i33 
36o5i 
35968 
35885 
35802 
35719 
35637 
35554 
35472 
35389 
35307 
35224 
35i42 
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34978 
34896 

34814 

34732 

3465o 

34568 

34487 

34405 

34323 

34242 
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3407 

3399I 
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5447 
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5538 
5584 
5629 
5675 
5721 
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5904 
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5996 
6042 
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6i34 
6180 
6226 
6272 
63i8 
6364 
6410 
6456 
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6548 
6594 
6640 
6686 
6733 
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6871 
6918 
6964 
7010 
7057 
7io3 
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7196 
7242 
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7428 

7475 
7521 
7568 
7615 
7661 
77c8 

7754 
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7941 
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32624 
32544 
32464 
32384 
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32224 

32144 
32064 
31984 
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31745 
3i666 
3i586 
3i5o7 

31427 
3i348 
31269 
31190 
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30952 
30873 
30795 
3o7i6 
3o637 
3o558 
30480 
3o4oi 
3o323 

3o244 
3oi66 
30087 
30009 
29931 
29853 

29775 
29696 
29618 
29541 
29463 
29385 
29307 
29229 
29152 

20074 

2§997 
28019 

28842 

28764 

28687 

28610 

28533 

28456 

28379 

28302 

28225 
28148 
28071 
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80402 
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80738 
80786 
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80930 
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26093 
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25943 
25867 
25792 
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25642 
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25343 
25268 
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25ii8 
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24969 
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24820 
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24072 
24597 
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24449 
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24070 
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23858 
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23490 
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81171 
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81268 
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8i364 
8i4i3 
81461 
8i5io 
81 558 
81606 
8i655 
81703 

81752 
8idoo 
81849 
81898 
81946 
81995 

82044 
82092 

82141 
821QO 
82238 
.82287 
82336 
82385 
82434 

82483 
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82580 
82629 
82678 
82727 
82776 
82825 
82874 
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82972 
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83169 
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22904 
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22467 
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2o665 
20593 
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19387 
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84009 
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841 58 
84208 
84258 
84307 
84357 
84407 
84457 
84507 
84556 
84606 
84656 

84706 
84756 
84806 
84856 
84906 
84956 
85oo6 
85o57 
85i07 
85i57 
85207 
85257 
85307 
85358 
85408 

85458 
855oQ 
85559 
85609 
85660 
85710 
85761 
858ii 
85862 
85912 
85963 
86014 
86064 
861 15 
86166 

86216 
86267 
863id 
86368 
86419 
86470 
86521 
86572 
86623 
86674 
86725 

86878 
86939 
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i8o55 
17986 

17777 

17569 

[7500 
[7430 
I736I 
[7292- 
[7223 
[7154 
[7085 

17016 

[6809 
1 6741 
16672 
[66o3 
[6535 
[6466 
16398 
[6329 
16261 
1619a 

16124 
i6o56 

15987 

[5783 
[5715 

1 5647 
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i55ii 
[5443 
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[53o8 
[5240 
[5i72 
[5io4 
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86929 
86980 
87031 
87082 
87133 
87184 
87236 

8733J 
87389 
87441 
8749a 
87543 
87595 
87646 
876989 

87801 
87852 
87904 


88059 
88110 
88162 

88214 
88a65 
88317 
88369 
88421 
88473 

88534 
88576 
88628 
88680 
88732 
88784 
88836 
88888 
88940 
88992 
89045 
89097 
89149 
89201 
89253 

89306 
89358 
89410 
89463 
89515 

89620 

^l 
89725 

89883 
89935 
89988 
90040 
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Coung.    Tangent.    Cotang. 
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90040 
90093 
90146 
90109 
9025i 

9o3o4 
90357 
90410 
90463 
9o5i6 
90569 
90621 
90674 
90727 
90181 
90834 

90887 
90940 
90993 
91046 
91000 
91153 
91206 
9I250 
9i3i3 
9i366 
91419 
91473 
91626 
9i58o 
91633 

91687 
91740 
91794 

91047 
91901 
91955 
92008 
92062 
92116 
92170 
92223 
92277 
92331 
92385 
92439 

92493 
92547 
92601 
92655 
92700 
93763 
92017 
92872 
92926 
92980 
93o34 
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93143 
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09706 
09642 
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09514 
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09386 
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93360 
93415 
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93524 
93578 
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93688 
93742 

$m 
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93961 
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94400 
94465 
94510 
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94620 
94676 

94731 
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06489 
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05904 
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05685 
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o5253 
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05072 
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04401 
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03855 
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•02533 
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99247 
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997JO 
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99826 
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01288 
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01170 
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TABLE  OF  CONSTANTS. 

Base  of  Napier^B  sjBtcm  of  logarithms  = c  s=  3  •71 8281 828459 

Mod.  of  oommon  syst.  of  logarithms  =  .. ..  com.  log.  f  =  M  =  0*434294481903 

Batio  of  drcamferenoo  to  diameter  of  a  cizsio  =.. ,.irs=3*  141592653590 

log,  r  =  o«497i49873694 

»'  =  9 '86960440 1 089 V»  —  I  •772453850906 

Arc  of  flam©  length  as  radlas  = iSo®  -f-  w  =  10800^  •**»  =  648000"  +  ir 

180O  -!-»=:  570-3957795130, log.  =  I  •  758122633409 

10800'  -i-  *  =  3437'»7467707849, log.  s=  3 •536273882793 

648000"  4- »  =  206264" •8062470964, log.  =  5^3i4425i33i76 

Tropioal  year  =  365d.  5h.  48m.  47s.  -588  =  365d.  •242217456,  log.  z=.  2>56258io 
Sidereal  year  =  365d.  6h.  9m.  iob.  •742  =  365d.  •356374333,  log.  vs.  3 •5625978 
34h. sol.  t.=24h. 3m.  56s.  •  555335 sid.  t.=34h.X i •  00373791, log.  i •oo2=o>ooii874 
i4h.8id.tss34h.-'(3m.558.*90944)BoI.  t.s34h.X 0^997 3696,  log.  o^997=:9^ 9988 136 

British  imperitil  gallon  s=  377^ 274  cubic  inches, log.  =  3«442909i 

Length  of  sec.  pcnd.,  in  inches,  at  London,  39 •13939;  Paris,  39*  1 285;  Nev 

York,  39  •  1385. 
French  mart  ^  3^2808992  English/^  =  39*3707904  inehee. 
I  eabio  inch  of  water  (bar.  3o  inches,  Fahr.  therm.  62^)  =  253  •  458  Troy  grains. 
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